Numerical calculations for the evaluation of Mössbauer spectra by Cser, László & Gladkih, Irina
7 K  31851«
K F K I  
29 /1969
1969 NOV 28
NUMERICAL CALCULATIONS 
FOR THE EVALUATION OF MÖSSBAUER SPECTRA
L. Cser and I. Gladkih
HUNGARIAN ACADEMY OF SCIENCES 
CENTRAL RESEARCH INSTITUTE FOR PHYSICS
B U D A P E S T

NUMERICAL CALCULATIOHS FOR ОТ IK EVALUATION OF MüöilBAUKR
SPECTRA
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C e n t r a l  Reseax'ch I n s t i t u t e  f o r  Phy n i e s ,  Buda p e n t ,  Hungary
1 , § ,  The Mossb a u o r  o f . e c t  i s  m o s t  f r e q u e n t l y  o b s e r v e d  
on t h e  m e a su re d  a b s o r p t i o n  s p e c t r a  . Tlio
M ö ssb au er  p a r a m e t e r s  o f  t h e  m e a s u r e d  s p e c t r a  a r e  t h e  
p o s i t i o n ,  w i d t h  and sh a p e  o f  t h e  a b s o r p t i o n  l i n e s ,  t h e  
maximum a b s o r p t i o n  / a m p l i t u d e /  a n d  th e  b a s e  l i n o  
b a c k g ro u n d .
F o r  t h i n  a b s o r b e r  t h e  a b s o r p t i o n  l i n e s  a r e  s h a p e d  
l i k e  L e r o n t s i a n  c u r v e s .  A l l  t h e  l i n e s  i n  t h e  s p e c t r a  
c o n s i d e r e d  i n  t h e  f o l l o w i n g  a r e  asauraоd to  h a v e  
L o r e n t z i a n  s h a p e .  The p o s i t i o n s  a n d  i n t e n s i t i e s  o f  t h e  
o b s e r v e d  l i n e s  a r e  d e t e r m i n e d  by t h e  e i g e n v a l u e s  and 
e i g e n v e c t o r s  o f  t h e  h y p e r f i n e  i n t e r a c t i o n  H a m i l t o n i a n  
o f  t h e  n u c l e a r  l e v e l s ,  r e s p e c t i v e l y .
The h y p e r f i n e  i n t e r a c t i o n  H a m i l t o n i a n  i s  g i v e n  
by t h e  sum (О Ы
H = 1IQ + H„ ( 1)
I f  t h e  c o o r d i n a t e  sy s tem  i s  c h o s e n  t o  be s u c h  t h a t  t h e  
z - a x i s  p o i n t s  i n  t h e  d i r e c t i o n  o f  t h e  component  V„„t it Сл
o f  t h e  e l e c t r i c  f i e l d  g r a d i e n t  / ' F i g . i / ,  t h e n  t h e
-  ?  -
1:1 * Ы
• 1 / 2  -  1 /2
1 /2 °11 b 12
- 1 / 2 b., b о 2 
- 1
( ! )
c o n t r i b u t i o n  f rom  t h e  q u a d r u p o l e  i n t e r a c t i o n s  i s
d e f i n e d  a s
i  ■ ш %  к  ■ к г  ■ i n  ч ( f . - 1 ;  >i
and th e  c o n t r i b u t i o n  from t h e  m a g n e t i c  i n t e r a c t i o n s
i s  d e f i n e d  a s
Н м  Í L  c a í $ 4 ( I ^ f  *  -V * *  ' f ) '  * * * & !
where
Q = t h e  e l e c t r i c  q u a d r u p o l e  momentum 
e = t h e  p r o t o n  c h a r g e  
g -  t h e  n u c l e a r  m a g n e t i c  g - i a c t o r  
I  = t h e  n u c l e a r  s p i n  
Ai-y— t h e  n u c l e a r  m agne ton
1! V  - M^  -  — v * -------xJül -  t h e  • a sym m etry  paramo t o r
Qt У7 --- t h e  p o l a r  c o o r d i n a t e s  o f  t h e  m a g n e t i c  f i e l d  
r e l a t i v e  to t h e  p r i n c i p a l  a x e s  o f  t h e  
e l e c t r i c  f i e l d  g r a d i e n t  t e n s o r  
I V, I  , I r> a r e  t h e  a n g u l a r  Momentum o p e r a t o r s .  The 
com ooneu ts  o f  th e  e l e c t r i c  f i e l d  g r a d i e n t  a r c  c h o s e n
t o ' h e  s u c h  t h a t  we have  J / 7y j ^  | v  j Jv.... | ,
h e n c e  О ^  6: 1
F o r  I  = 1 / 2  a n d  I  = i / Z  o . g .  57b’e and 1 1 9 Sn 
t h e  m a t r i x  e l e m e n t s  o f  t h e  H a m i l t o n i a n  d e f i n e d  by  / 1 /  
c a n  be w r i t t e n  i n  ‘t h e  form [.2 J
in* m
3 / 2 1 /2 - 1 / 2 - 3 / 2
3 / 2 a l l a 12 a 13 0
1 / 2 a 21 a 22 a 23 a i 3
- 1 / 2 a 13 a 32 a 33 a 12
- 3 / 2 0 a 13 a 21 a 44
w here
Ъ ц  = - 1 / 2 jb c o iG
ъ 22 =
b 12  = /) 
ь ?1 = - 1 / 2 / 3  ü t i G ^ p ( i f )
• ац  = 5 А - 3/2 őLoo<s@
а 22 = -  3 А -  1 / 2  öd <*** ^
= -  3 А + 1 /2  сС СО-5 0
S/+4 = 3 А + 3 / 2  dL СО* &
а 12 = -  У з / 2  öd U h s O d o p  (-L  ' f )
a 21 = “ / З / З  cL Jxhv &  eo^ P  ( L%f )
a 25 = -  á  ^
a 32 = ~ ^
a 13 = | /5"
^  r  V * / 3  ^
/ 7 у 2 / Д ^
/ í  -- e Q v / / , r ( 2 '  -  У)
Tho p o s i t i o n s  / Т Е /  o f  t h e  a b s o r p t i o n  l i n o s  a r o  g i v e n  
i n  t e r m s  o f  t h o  e i g e n v a l u e s  o f  t h e  above m a t r i c e s ,  by
ТЕ(Ф, V 'A /> > ? (з/г. 0 - J ( Ф , j )  (2)
w h i l e  th e  i n t e n s i t i e s  / 4 /  a r e  e x p r e s s e d  i n  te rm s  o f
t h e  e i g e n v e c t o r s  / 3 /  i n  t h e  form
+ ( 3 / z ,  i )  =
fi3 /2
° 3 / 2 , i
1/2 
3 / 2 ,  i
tI / 2
' 3 / 2 ,  i
■.-3/2 
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G
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p-1/2
° l / 2 , j
_
"  J-/2, j
(3)
h e n c e  wo g e t  i n  th e  c a s e  o f  m a g n e t i c  d i p o l e  t r a n s i t i o n
M  • = л  w  # г ,  7  • Л Г
Л-» A*
The symbol  s t a n d s  h e ro  f o r  t h e  C le b s c h - G o r d a n  
c o e f f i c i e n t ,  v ;h i le  X i s  th o  v e c t o r  no m a l  t o  t h e  
d i r e c t i o n  o f  t h e  r- r a d i a t i o n .  I t  can  bo decom posed  t o
t h e  c o n t r i b u t i o n s
x а Г -4, GOJ&e f/г X / i  -  L i t * *  &
- i f
I n  t h e  c a s e  o f  p o l y c r y s t a l l i n e  s a m p l e s ,  t h e  c r y s t a l  
g r a i n s  a r e  ran d o m ly  d i s t r i b u t e d ,  t h u s  t h e  i n t e n s i t i e s  
/ 4 /  o f  th e  l i n o s  a r e  e v a l u a t e d  by i n t e g r a t i o n  o v e r  
© a n d  f  a s
JT 2УГ
v f i / 2 . , Í ; 1 / 2 , .) )  - J f  p (q :>/2, i ; 1 / 2 , ,]}• s i n  e J O o l ^ f  j / b /
О о
The e i g e n v a l u e s  o f  t h e  m a t r i x  / I /  c a n  be e a s i l y  
e v a l u a t e d  and v/e g e t  TEj 0 = -  1 / 2 ^
I n  th e  g e n e r a l  c a s e  t h e  c h a r a c t e r i s t i c  e q u a t i o n  
f o r  / I I /  i s  g i v e n  by t h e  f a i r l y  c o m p l i c a t e d  f o r m u la
X4 + а Я  ‘ + & +  c = 0 / 6/
Where 
a  = -  [ l 8 A ^ ( l  + 1 / p / p V  + Lj / 2  e i* ]  
b = -12A«C'cosi-© -  \цA r s i n ' " ©  * cos  f  +GA«/‘- s i n ‘;:#  
c = ( ' j ^ k l]- y / L\ </2s i r f “t ^  S- p ^ A ^  f loA‘"+ ; /2 < t  *c o s ‘“©/b 
+et" 's in2©^27A"+ (j /g« / ‘° c o s ‘ + 1 # ^  A ^ ' s i n ' -© eco s i
+ Л л  * + 9 / l g ^ ' c O S 4 © -  d-p/2
P r a c t i c a l l y ,  i t  i s  i m p o s s i b l e  t o  s o l v e  th e  e q u a t i o n  / 6 /  
foj? t h e  g e n e r a l  c a s e .  L e t  u s  s e e  t h e r e f o r e  t h e  most  
i  p o r t a n t  s p e c i a l  c a s e s  n am ely ,
lл/ It /  0 , ö = y^r: 0
t o r  w h ic h • t h e  e i : ; e n v a lu e  e q u a t i o n  / 0 /  h a s  th e  fo rm
j d -  3 Я  А''/ l  + 1 / 3  Ц  ) / г  +  8 i a 2 (ri  + 1 / 3  ц ‘ У  -  о
arid A , 2 -  34 ( 1 + 1 / Ъ ^ ) Х/ 'г
A > ,4  = '3 4  (i  + 1 / 3 ^ j 7 "
b / A = 0 ;  G = / =  0
’ Üben oq . / 6 /  b ocones
j ( lv -  5/2 Л 2 Я  2 + 9/16 ^  = о . / 8 /
Л ,  2 = 1 3 / 2 « ^
Л,4 = 4 V2 0Í
с /  А А О • 9 = ^ =  О ,'/j> = О wild А 
w i t h  e q .  / 6 /  r e d u c i n g  to
j { v -  5/2. JL2 J i'd -  12A <L‘ jL  + 9 /1 6 ^ 4 = о / 9 /
Wo t r y  to  i n d  th e  . s o l u t i o n  i n  t h e  form. »
where /  ^ i s  th e  s o l u t i o n  t o  e q .  / о /  . S u b s t i t u t i n g
i n t o  th e  e x p r e s s i o n  / 9 /  and o m i t t i n g  th e  s n a i l ,  se co n d
o r d e r  t e r m s ,  wo c a t  Л A • = i r o n  w hich t h e  r o o t s
4 Á  - S e t2
a r e  o b t a i n e d  a s  *
-  7 -
A - 3 / 2  o i  + ЗА
h -
1 / 2  <L - ЗА
h  =
- 1 / 2  оt - ЗА
л  = ЗА
d /  Í и
Si-9S
О
0 , А /  0 ,  19 / 0  and  А <^ <- с £
• The foxia / 6 / i s  th a n
/ - Ы  2 }
О
С- 4■ б A <L ( .1-3 c o s  0 )  + 9 / 1 6 =  0
U s i n c  a .pain th e  s u b s t i t u t i o n  and  ojnmis.sion a p p l i e d  
i n  t h e  c a s e  с / ,  we f i n d .
3 t o i * e )
4 / 1. -  s  j . 1
form
о /  I f  t h e  m a g n e t i c  f i e l d  l i e s  i n  tr ie  d i r e c t i o n  o f  one 
o f  t h e  p r i n c i p a l  a x e s  o f  t h e  e l e c t r i c  f i e l d  g r a d i e n t  
t e n s o r ,  t h e  e i g e n v a l u e  e q u a t i o n  can  bo w r i t t e n  i n  t h e
and  hen ce  Die r o o t s  can  bo d e f i n e d  a s
У 1 -  [я 8 Л2 (I + 1 / 3  ^  + : ;/2об ']](-  -  12 Л l j \  н
+ £ l A \ ( . l  + 1 /3  ^  ' ) 1+ 9 / l G c t ' ^ +  9 / 2  <Lr ^ ( t f  -  5)
/ 1 0 /
Tho s o l u t i o n s  bo e q u a t i o n s  o f  t h e  fonu  у + РУ + 
+ qy + Г = 0 c a n  bo ú r i b b o n  a s
j/i = 1/2 (/ f  + / i j  - / ? “ )
I 2  -  и г { / г 4 - / г г -  Л Г )
у , = 1 /2  f  fi,* f  
■v* - и г ( - / г , - / Г , * / Г , )
z*~ h i !+ 12Л' /j? h  ;>SA:*] [ 4 1 1 1 2 A ‘-/^:!+ ЯоОА2]  s - l W / ' U ' 1' -  0
/ 11/
On' i n t r o d u c i n g ; a = a ,  lh r o u r r a h  :• a n t  o f  /1 1 /  v / i th/
r e s p e c t  to  t h e  e q u a l  .powers o f  r  t h e  p r o d u c t s  o f  a and a , 
l e a d s  bo
where %. ü by ride Гог the  r o o t s  о.Г tijo  e q u a t io n
7 О у  О V ' >
%•' -í- ' ! i ) Z e~ + f p” ~  0 which in olic j i'oiiont caso
i' ‘J i U.l ízt
-  l )
(v .2- 3  a  n+hac) ~  12A 2 rjl z( :■.-w/+5A2/ x v / . - s 2- d a 1)  f i - У к 2)  
, / , - a ^ - d a / - - / ^  -12A2» / z / - . - a /  = О
t h a t  i s ,  z -  a  i s  a  r o o t  o f  oq .  / 1 1 / »
I t  i s  now e a s y  t o  f i n d  t h e  two o t h e r  r o o t s  and 
t l i о s o l u t i o n  to  / 1 1 /  c a n  bo w r i t t e n  a s
, 1>2 -  1 / 2 <£*- [ / , A W / f  Í A V  ]  1 / 2  
y 3 j 4  = - 1 / 2  (L ±[  / 5 А -  < / / ' -  + ЗА ]  17,2
W ith t h i s  wo have  a c t u a l l y  p;Lvon a l l  the  p o s s i b l e  
a n a l y t i c a l  s o l u t i o n s  t o  e q .  / 6 / .  I f  none o f  t h e  
a s s u i n p t io n s  made i n  а / ,  Ъ / ,  с / ,  d / , o r  о /  i s  v a l i d ,  
o n ly  n jv io r ica l  m ethods  c a n  h o l p .  The n iu t io r ica l  s o l u t i o n s  
can  bo t h e n  u t i l i z e d  f o r  th o  e v a l u a t i o n  o f  t h e  p o s i t i o n s  
о tho h y p o r f i n e  l i n o s  i n  LIю I . lö ssbauer  s p e c t r a  by m ak ing  
u se  o f  t h e  I 'oii . iula / 2 / .
ü 2 .  'flic t r a n s i t i o n  p r o b a b i l i t i e s  c a n  bo : j i v e n  / ' } /  i n  
t a b u l a t e d  form  сД 3 f o l l o w s .
f o r  11 3 0 , A /  0
T r a n s i t i o n I / O /
i p / 2 ^  -  1 / 2 3 / 2 ^ 1 + с о з 2еУ
- 1 / 2  -  1 / 2 I + 3 /2  s i n 2Q
I  /  о о ly  c r,y s  t a  1 /
1
1
10 -
whore 0 i s  t h e  a n g l e  be tw een  th e  symmetry  a x i s  and t h e  
d i r e c t i o n  o f  t h e  j f - r a y .
f o r  II »  A
T r a n s i t i o n 1/ 0 / I / p o l y c r y s t a l /
3 / 2 —  1 / 2 •
- 5 / 2 —  - 1 / 2 9 A / i + c o a e2©y 3
1 /2 -5- 1 / 2
о
- 1 / 2 —  - 1 / 2 5 s i n 1 ö 2
- 1 / 2 1 / 2
1 / 2 - 1 / 2 • 3 /4 ^ 1 + c o s 1-q) 1
ívhere 0 i s  t h e  an ; ; l e  b e tw ee n  the  m a g n e t i c  i e l d  and 
t h e  d i r e c t i o n  o f  t h e  Ц'-пхуо
8 ,o. I n  t h e  c o m p u te r  p ro g ra m s  th e  m eth o d  o f  l e a s t  square*  
d e v e l o p e d  by S i l i n  / 4 /  was a p p l i e d *  The ALGOL and  
FORTRAN v e r s i o n s  o f  t h e  m ethod  a r e  p r e s e n t e d  i n  t h e  
Annexes I .  and I I .  The a d v a n t a g e s  o f  th e  m ethod  a r e  i t s  
c l a r i t y  a r i l  t h e  f a c t  t h a t  i t  c a n  be a p p l i e d  to d i f f e r e n t  
p rob lem s  upon r e s r i t i n  o n ly  a  s i n g l e , namely t h e  " s q a ” 
p r o c e d u r e .
The f o l l o w i n ; ; n o t a t i o n s  a r e  u s e d
5 =  : / : Г . ( ^ - Г к /
11
where  y^ a ro  t h e  m e a su re d  p o i n t s
^  a r o  t h e  c a l c u l a t e d  v a l u e s
si;;;, a r e  t h e  e r r o r s  o f  t h e  e x p e r i m e n t a l  j i o i n t s .
7 __л
^  Г d c t ; dex K
n = t h e  number  o f  p a r a m e t e r s
-  maximum nui.iber o f  s t e p s  w i t h i n  an i t e r a t i o n  
. n 0 = minimum number o f  i t e r a t i o n s  w i t h o u tf'L
in-, = maximum number o f  i t e r a t i o n s  a f t e r  t h o  p rogram  
s t o p s  i r r e s p e c t i v e  o f  t h e  a c c u r a c y .
ops  -• a c c u r a c y  /  i f  кар. а  <  a b s  / o p s / ,  t h e  propram 
s t o p s
а Ц  ~ ';'J0 v a -*-UG th o  p a r a m e t e r s
1 j  -  d u r i n g  a n  i t e r a t i o n  t h e  c o r r e c t i o n  o f  t h e  p a r a ­
m e t e r s  c a n n o t  bo g r e a t e r  t h a n  l ^ " j .  The 
s t a r t i n ; ;  v a l u e s  a r e  s p e c i f i e d  by t h e  p ro g ram m er ,  
s i g m a / i /  = o u rb /7 . . . /  -  t h e  s t a t i s t i c a l  e r r o r s  o f  t h e  p a r a ­
m e t e r s
r  [ i ]  -  c o r r e l a t i o n  f a c t o r s  
d a / i /  = t h o  c o r r e c t i o n s  o f  t h e  p a r a m e t e r s  = -  lambda
/  *■' iJ  ]
\ ( г ‘ * 9 ) ;  Imappa -  п а х  I— ;---- --
i  J sionvot J I
/
i a a b d a  •
p r o c e d u r e s  :
f u m i l i w  -  d i s p a t c h e r  p a r t  oí ülte program 
m o n i t o r  -  p r i n t o u t  o f  p a r t i n  í. r e s u l t s  
jnconv -  i n v e r s i o n  o ' t h e  a y m m o t r i c a l  m a t r i x  
mV mu I t  -  c a l c u l a t i o n  o f  the  da  -  (  z~\<; )   ^ p r o d u c t  
f i x  -  f i x i i v ;  o f  blto p a r a m o t o r  v a l i i eo  f o r  which  
1 / i /  -  0
вцу. -  c a l c u l a t i o n  o f  tb o  v a l u e «  o f  s ,  , and я
{) >\. In  t h i s  p a r a g r a p h  th e  /;:> , z /  p r o c e d u r e s  f o r  t h e  
d i f f e r e n t  p r a c t i c a l  e a s e s  a ro  d e s c r i b e d .
a /  Thu G p o cU im  i s  a ssum ed  t o  he the  s u p e r p o s i t i o n  o f  
Ы LorcMitsian c u r v e s ,  a n d  c an  bo t h u s  d e s c r i b e d  by t h e  
f i n e  Lion
0 Í  A + „ \ [  , £  CL< 1
~ 1 ^ 0 D V 7_Z-  ( X j1 k= У v </ " $ k ) 2 + r * y * / J / 1 2 /
t h e  s e q u e n c e  o f  t h e  p a r a m e t e r s  i s
A -  i s  t h e  g r o u n d - l i n e  
CL- N j ia.;;ni t u d ó s  
SK-  И l i n e - p o s i t i o n s  
-  II 1 i  n c -  v; i d  t  h  s  
ß  -  t h e  s l o p e  o f  t h e  r r o u n d l i n e
Ъ/ The a s s w . ip t i o n  a /  im p o ses  oi t o n  d i f f i c u l t  p ro b le m s  
/ о . : ; ,  t h e  p r a s e  nc о o r  many p o o r l y  r o s e  Ívod  p e a k s  
t o  t h e  p ro g ram .  I n  t h i s  c a s e  u s e  can  be made o f  t h e  
e x p r e s s i o n  i n  p I . с /  w h ic h  d e s c r i b e s  t h e  r e l a t i v e  
p o s i t i o n s  o f  t h e  s i x  l i n e s  i n  t h e  s o  c a l l e d  6 - l i n e  
'/.eoi.iah p a t t e r n .  I f  t h e  s p e c t r u m  i s  p r o d u c e d  by the 
s u p e r p o s i t i o n  o f  V/ '/joe an p a t t e r n s ,  i t  can  bo
d e s c r i b e d  by t h e  f u n c t i o n
6 * П// J
» b tr e  еГ. ? Su  ( £ ti) сГм)
/ 16/
t h e  se q u e n c e  o f  t h e  p a r a m e t e r s  i s
Y - i s  th e  l i n o —-v'id t j ] 1
l - th e  q rou .id  11 n o ,
a K~ Vi/ '■ : el. , 2 1 J. U 1.1.Í l.tj # 0 9
l ifo  £cn/s<, j
И  к “ w i;ia,;;netlc i ' i e l d s  j  U1 /  Sec- '
л - XI 1 i ИO-p о s i t  i  ons / i n c h a n n e l s / ,
£ * - vv q u a d ru p o le S ; > 1 :>. t  t i n s / i n  c h a n n e l s / ,
ß  - t.iiO S lo p e  O.L th e ;.;ro: 1n d l i n e ,
kL t h e  r e l a t i v e an  ;ii i t u d e  o f  t h e  Zoenan p a t t e
l i n e s ,
c t j f c -  t h e  c o o f f i c i  ;i t s  a t H i f o r  t l Ю h e o n an  p a t t e r n
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с /  j j ' i n a l l y ,  í j -' ti  10 n u m e r i c a l  s o l u t i o n  о Г t h o  e i g e n v a l u e  
o r o b l e a  i s  t h e  o n ly  p o s s i b l e  r o t h o d ,  t h e  .pro,';гага 
d e s c r i b e d  i n  Алго:со V can bo u s e d .  T h i s  рго{/;ггш i s  
s u i t a b l e  t o r  th o  l e a s t  s q u a r e  f i t  o f  two 6 - l i n o  
Zecrtan pa  t  t o r u s  a n d  two 6 - l i n o  . p a t t e r n s  t o  th o  
f u n c t i o n
j - (A, ♦ ВX, )[/- L  ( ц  . a ГГЛд
Q
3
— Т —ГГГ( X j t c H i -  Sc - £ )  + t  %
к j  ^ ___________ K± __________ _  ^ t
< - S i - f i ) * * * ' / *  + ( * l  ‘ gMi ' S - '  £‘ ) l *
..t l --------------- У  a  f ________________ 'jO k_________  +
Í -  <  * Í 7  '  7 7 ,  ‘  I ( x  -  <C - V  ^( X j - c tH L
íz* 13 Jt
> ' A
k.___________ _________ Ó ' / i r  ___ _______ ^z.3 К
2 * it
r / y ^  - с - ? * ; *v  W ]
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the sequence оГ the parameter« is
- the ground-line
f°ur line-widths /in channels/
* • ] -Clij
i'our magnitudes
//* - two magnetic fields /in kiloGauss/ 
Mi~ two magnetic fields /in ————
*t»» / sec
four isonior shifts /in channels/
/
if
two quadrupole splitting £ - A /in channels/ 
two quadrupol oolitting /in channels/
the polaso v/ordinates /in radians/ 
two assynietry paraifietors
E> - the slope oi the ground-line
for the i-th components one must give- the coefficients 
К and a, b,c /see 3 A.b/
Annexe V.
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13 5* An o v e r  iiior f r e q u e n t  problem i s  th e  e v a l u a t i o n  o f  
t h e  c o n t r i b u t i o n  from t h e  c r y s t a l  f i e l d  t o  t h e  e l e c t r i c  
f i e l d  givtd.io n t  t o n s o r j f o r  g i v e n  l a t t i c e  p r a m e t e r s  and 
c h a r g e  d i s t r i b u t i o n .
The c o n t r i b u t i o n  to  t h e  t e n s o r  V., c an  bo d e f i n e d  a s
v „  - z  - p - (  -  i ) ;
v w  =2-  7 a  (
v2 3 -z £ ( ¥  ч У>
JLIv
L/ - I /  Г 5~ • ^ ' у /  ~ / i .  f
,  , Зхж  .
V t 2  = vi, = AT v
I /  1 /  r f  ,уз  я у  *-— у  ~
J J ß _ .
Annexes  V I .  -  V I I
The p ro g ra m ,  which  w o rk s  f o r  o r t h o g o n a l  c o o r d i n a t e  
s y s t e m s ,  o n l y ,  c a l c u l a t e s  t h e  . 'La t t ice  cum o f  t h e  t e n s o r  
V ,^.. up t o  t h e  d e s i r e d  c o o r d i n a t i o n  s p h e r e .  Then i t  
d i a g o n a l i z e s  t h e  sum and e v a l u a t e s  i n  a d d i t i o n  t o  th e  
. e i g e n v a l u e s ,  t h e  e i g e n v e c t o r s ,  too«  F i n a l l y  i t  y i e l d s  
t h e  v a l u e s  o f  t h e  q u a d r u p o l e  s p l i t t i n g  3" ^  К г г  ^
and bho asyjiimetry parame t e r  *  _ И<х ~~
Г
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t h e  so q u en co  o f ■p a r a m e t e r s  f o r  th e  Annexe V I .  i s  
IT -  i n  - the  number o f  atom i n  t h e  u n i t  c e l l o ,
NA -  t h e  num ber  o.i s t e p s  w i t h  t h e  chan-;o o f  t h e
l a t t i c e  p a r a m e t e r s ,
ITW -  th e  number  o f  t h e  atom f o r  which t h e  NNG
t e n s o r  w i l l  he com p u ted ,
A ,B ,0  -  t h e  l a t t i c e  p a r a m e t e r s ,
V -  th e  n u c l e a r  q u a d r u p o l e  moment,
L , , L 0 ,L -  -г t h e  v a l u e  o f  t h e  s t o p u  o f  t h e  l a t t i c e  p a r a -  
1 c- О
m e t e r  c h a n g e ,
, ,  t h e  num ber  o f  n e ig h b o r i n g ;  u n i t  c o l l s  a ro u n d
t h e  c e n t r a l  one i n  t h e  d i r e c t i o n  x ,  y ,  z
x ± , y .pK .  -  t h e  c o o r d i n a t e  o f  the  a to m s  i n  t h e  u n i t  c e l l
l i t  -  the  c h a r g e s  o f  tJio a to m s  i n  the  u n i t  c o l l
th e  s e q u e n c e  o f  t h e  p a r a m e t e r s  f o r  t h e  Annexe V I I .
nn  -  th e  num ber  oi. th.e r e p e t  i o n  o f  t h e  e v a l u a t i o n
n  -  N 
x a -  NA "
x o -  t h e  num ber  c an  bo u se d  t o  i d e n t i f y  t h e  u s e r s
p ro g ram
w -  if,7
a , b , c ,  — A,I3,C e t c .
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A.Ábca ,a i L ’ o Lei; Hős «bai lor  o t  so« a p p l i c a t i o n s  
a 1* é t  adó (les champs i n t e r n e s  /G ordon  and  B r e a c h ,  
o c i e n c o  P u b . l * , I n c . ,  New Yox’lc 196А/
и
W.ICündii;, l i u c l o a r  I n s  1; rumon bs and m e th o d s  
do / 1 9 6 7 /  219-928
[ 5 ] Y/crüllőim G.iC. Iv'idssbauor L f o c t  P r i n c i p l e s  and 
A p p l i c a t i o n s  /A cad em ic  P r e s s  New Yorlc and 
London/
[ ' 9 И.Н. Силин., Стандартная программа для решения 
задач методом наименьших квадратов. Препринт 
N? 11-3362. Дубна. ОИЯИ
I/1 i  <; u r o  G ap t  i  on a
Fi.:, 1 .  The p o l a r  c o o r d i n a t e «  oi ' th e  i n t e r n a l
if ia^ivjlie  f i e l d  r e l a t i v e  to L...о p r i n c i p a l  
a x e s  o f  the  e l e c t r i c  f i e l d  g r a d i e n t  t e n s o r
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Annexes I*
•p ro c e d u re *  f o r m ( z , g , d f , y , s i g , n )  ;
• v a l u e * y , s i g , n ; ' r e a l '  y , s i g ; ,
• I n t e g e r *  n ; ' r e a l ' ' a rx ’a y '  z ,g , -d f ;
•begin*  ' i n t e g e r '  i , k , l ;
1 : - 1 ; y : = y / s i g ;
• f o r '  i :  = l  ' a t e p '  1 ' u n t i l '  n  ' d o '
' b e g i n ' g [ i ] : “g [ i  l+'df [ i  I * y / s i g ;
• f o r '  ' к : -  i ' s t e p '  1 ' u n t i l '  1 ' d o '
• b e g i n ' z Ц  ]: - z  (1 J -Klf [ i  ] / a i g *
( d f  [k J / s i g )  ; 1 : “ 1 + i ;
' e n d ' к ;
' е ш | ' i  ;
• end ' f о ftn;
' p r o c e d u r e ' ' f i x ( z , l , e , n ) ; ' v a l u e '  c , n ;
• r e a l *  ' a r r a y '  i t , 1 ; ' r e a l '  c ; ' i n t e g e r '  n ;
• b e g in '  . ' i n t e g e r '  i , k ;
. ' f o r '  i : = i ' s t e p '  4- ' u n t i l '  n ' d o '
' i f *  1 Í i ]=0 ' t h e n '
' f o r '  k : —l ' s t e p '  1 ' u n t i l '  n  ' d o '
z [ ' i f -  k ' l e ' i  ' t h e n '  i * ( l - . 1 ) / 2 + k  ' e l s e '  k * ( k - l ) / 2 + i ]  
' i f '  i / /k  ' t h e n '  О ' e l s e ' ,  c ;
' e n d '  f i X ;
-  22 -
•p ro cedu re*  ineonv ( у. , n ) :
•v a lu e ; ’ n ; ’ int; t iger* n j ' r e a l '  ' a r r a y '  z ;
\
’b e g i n '  ' i n t e g e r *  l , k , l ;  ' r e a l ' c , d ;  
d i a g o n a l i z a t i o n :
' f o r '  1:~1 '«bop* 4 ' u n t i l '  и - l  ' d o '
' f o r '  k : r:n ' s t e p '  -1 ' u n t  i f  1+4 ' d o '  
' b e g i n '
o : « s s [ k * ( k - 1) / J ? + i  l / z  i i * ( i + 4) / s ? ] ;
' f o r '  1: к ' s t e p '  -1 ' u n t i l '  \ ' d o '
•/. [ k * ( k - l ) / í ? + l  I ; ~s. [ k * ( k - 1 ). ;>+l l -  
z L ' i f '  1>1 ' t h e n '  l * ( l - l ) / p + i
' e l s « ; '  i » ( i - l ) / b i + l  ! *c; 
z [ к  *( к - 1 ) / й + 1 1: = -с  
' u n d '  i , k ;
m uI t  1p i  i e a t  i o n :
' f o r '  i;--1 ' s t e p - '  1 ' u n t i l '  n ' d o '
' f o r '  k : = l  ' s t e p '  1 ' u n t i l '  n ' d o '  
• b e g i n '  d :=0 ;
' f o r '  Д ; -  к  ' s t e p '  \  ' l i n t  1 1 '  n ' d o '
' b e g in '
c : = 1 / s l 1*(1+ l ) / 2 l ;
' i f  l / / i  ' t h e n '  
c : » c * z [ l * ( l . . l ) / 2 + i l ;
• i f '  If/ к  ' t h e n '  
c :=e*Z. [ l * ( 1~ 1) / 2+ k ] ;
ds-d '+c ;
•end* 1;
z Lk * { k -1 ) / ^ + i  1 : - d ;
• e n d '  i , k  
' ( ;nd '  mconv;
m-"onv(2 , n )  ;
'  p r o c e d u r e 1 m v m u l t ( : : , g , d a , n )  ;
• v a l u e '  n ; ' I n t e g e r '  n : ' r e a l ' ' a r r a y '  z , G , d a ;
• b e g i n '  ' I n t e g e r '  1 , 1 :
' f o r '  1 :  • - Í  ' s t e p '  1 ' u n t i l '  n ' d o '
• b e g i n '  d a i l l i “ 'd;
T e r '  l : -=  1 ' a t o p '  Í ' u n t i l '  n ' d o '
da  [1 ) : -da [ 1) l g  [ 1.1 *'£ [ ' 1 f ' i ' g e ' l  ' t h e n '
1 * ( 1 - 1 ) ,  V  +1 ' e l  s  e ' 1 * ( 1 - 1 )  /?. + 1 I ; •
' e n d '  1 , 1 ;
' e n d *  n r - m u l t ;
' p r o  e n d u r e  ' fund  l i m (  s , g , : ; , n , n  1 , r l , n j / : p : ; , a  . 1, s ig m a  , r , d a , k a  p P a , l a m b d a ,  
eg/.prion i t e r )  ;
' v a l u e '  r u n  , n 2 , n $ , e p s ; '  i n t e g e r  ' n , rd , n 2 , n j  ;
' r e a  1 '  s , e p s , k a p p a , .Lambda:
' r e a l  ' ' a r r a y '  g , z , a ,  1 , s l g m a , r , d a ;
’ p r o c e d u r e  ' sgz ,mon: l  t o r ;
' b e g  i n '  ' r e a  1 '  t , rnaX, g t , o l d  a , 1 1;
’ i n t  e g e r ' 1 ,  nn 1 , nn2 , tin ;
n n r : 1 ;n n 1 : “ 0 ;
•• :;Г с Ф * , « и ' . . а , п )  ; 1 1 ; 1  ;
' g o t o *  s h i f t ;  
c o n t r o l  : n n l : -1 ; t l : ~ 1 ;  
re peat: sgr, (s,g, r., a, n) ;
' i f  n n i > n  1 ' t h e n '  ' g o t o '  s h i f t ;  ■ 
t : f  ( s - o l d s - g t ) ;
' i f '  0 .  Í 3 9 * t i g t '  l e  ' 0 ' t h e n '  ' g o t o '  s h i f t ;  
t : « - l . 5 * g t / t ; ' i f ' t < 0.25 ' t h e n '  t : - 0 . 2 5 ;  
g t : ~ g t  * t ; 1 1 : :t  1 * t ; n n 2 : =0;
' f  o r ' i : - 1 '  s t  о p * 1 ' u n t  1 1 '  n ' do '
1 b e g i n ' a  L i  ] :  a  i 11 - d a [ i  ] ; I  [ i  1: - 1  [ i  1 * t ; 
d a  l i  J ' "da i i  I * t ; a  Í i  1: - a  111 +da [ i  1;
' e n d '  i ; n n i : = r m d + i ;
' g o t o '  r e p e a t ;  
s h i f t : f i X ( 2 , 1 , 1 , n ) ;
' f o r '  i : —1 ' s t e p '  1 ' u n t i l *  n 'do*
' • r  [ i  j ; =z [ i * ( in -1 ) / 2  J ;
1 Гог' 1 : =-1 'atop' 1 'unt.il ' n 'do'
r(i I :-rii I *í:lí*(í-M1/í?Í ; ’
Г1 Х(a , l,o,n) ;
•if opy>"' 'then'
'Гог' 1 : - 1 ' at р ' 1 »until' n 'do' 
sigma Li I : ^ -scyt ( г (i »•( i+1 ) / ? .  J) ; 
mvmult (ü,íS,da,n) ; 
inaX: :1 ;kappa: -O;
'for' 1 : « 1  'stop' 1 'until' n 'do' 'if* 1 [1 J/ / 0  
'then' 'delin'
' if' a.bs(da Li !/ 1 !.i ]) >maX 'then’ 
maX:-aba(dali)/ 1 (i 1 );
'if' abs(da ii l/я i (7,1a [l!) >kappa 'then' 
kappa: ab я (da ii I 'ai^na L i]} ;
' end ' i ; .lambda::r 1 /та X; : ~0 ;
'Го г ' i::-1 'atep' 1 'until* n 'do' 'if l[i]/f 
'then' 'bogin' 'if nné'go'h^ 'then' 'begin'
' 1f ' ab в (da L i I /1 [ 1!•) > >. 2 3 «та X 
' then ' 111!: --'t *■ 1 i I. i : ' end'; 
da [ i ): -da L i i *lambda;
gt: -gt+daji1*gili 
'end' i;
'if teat(í?) 'then' 'ge to' 1.1 ;
'if n n >  for* n n j n .1 'or' kappa'lo' '>.£ 'then'
Ы  :nonlter(a ,g,'/.,n,nn *;,opa,a, i, aigma,i*,da,gt ,kap№ .lambda,1 1 );
'if карда'lo'aba(ops) 'or'nnjj'go'nd 'or' gt 'ge' 0  
'then' .'goto' oXit;
'Го г ' i: 1 'atop' 1 'until' n 'do' 
aiil: =a i 11 I da til; 
o ld я : =o; ruf: -ттГ+1; nn ■;: -nn H 1;
'goto1 control; 
oXit:'end 5 fúrni1im;
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SUBROUTINE FORM(Z,G, F , Y, STG,N,N9) 
DIMENSION DF( N ) ,G( N ) ,Z (N9)
L=1
Y-Y/SIG 
DO 20 1-1,N
G ( I ) “G(l  )+DF(l  )* Y/SIG 
•DO 299 K - 1 , I
Z (L ) -Z (L)+DF ( I  )/SIG* (DF (K )/s.IG ) 
L-L+1
299 CONTINUE 
20 CONTINUE
RETURN
END
SUBROUTINE FIX (Z ,L ,C ,N ,N 9)  
INTEGER C
REAL L
DIMENSION Z(N9),L(N)
D021 1-1 ,N
I F ( L ( I ) ) 2 3 , 2 2 , 2 3
22 DO 296 K»1,N
I F ( K - I )  2 4 , 2 4 , 2 5
24 I F ( I - K )  2 6 , 2 7 , 2 6
26 Z ( I * ( I - 1 ) / 2 + K ) = 0
GO TO 28
27 Z ( I * ( I - 1 ) / 2 + K ) = C  
GO TO 28
25 I F ( I - K )  2 9 ,2 9 7 ,2 9
29 Z (K * ( fc -1 ) /2 + l )= 0
GO TO 28
297 Z ( K * ( K - 1 ) /2 + l ) -C
28 CONTINUE
296 CONTINUE
23 ■ CONTINUE'
21 CONTINUE
RETURN
END
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SUBROUTINE MCONV(Z,N,N9)
DIMENSION Z(N9)
DO 30 I 1,N-1
DO 30 K>I+1,N 
M-N-K+1+1
C-Z(M*(M-1)/2+ T) / Z ( I * ( I f  1)/ 2 )
DO 33 L-= 1 ,M 
J  =M-L+ 1
IF ( J - I )  3 2 ,32 ,31
31 Z ( M * ( M -1 ) / 2 + J ) = Z ( M * ( M - 1 ) / 2 + J ) - Z (J * ( J - 1 ) / 2 + 1 ) *C
GO TO 33
32 2(M*(M-1) /2 + J ) --Z (M* (M-1) / 2 + J )—Z ( I * ( I —1 ) /2 + j )* C
33 CONTINUE 
Z (M *(M -1) /2+I) - -C
30 CONTINUE
DO 3^ 1 = 1 ,N 
DO 31 ^ К rT ,N
D--0
DO 35 L=K,N 
C = l /Z (L * (L + 1 ) /2 )
I F ( L - I )  3 6 ,3 7 ,3 6
36 C~C*Z(L*(L-1) / 2+ l )
37 IF  (L-K) 3 8 , 3 9 , 3 0
38 C-C*Z(I,*(L-1 ) /2+K)
39 D-EH-C
35 CONTINUE
Z (K *(K -1) /2+T )-D  
31^ 1 CONTINUE
34 CONTINUE 
RETURN
END
-  27 -
' SU BN n r ;  IN IO MVNIU LT ( Z , G, DA , N , N9) 
DIMENSION Z (N9) ,G (N )  ,DA(N)
IX) По- I  ~ 1 ,  N 
Ьл( i )=o 
IX) ПО L-1  ,N 
I F ( l - b )  H1 ,H 2 ,H 2
П2 DA(i H > A ( I )  + G ( k )*Z(T.*( 1 -1  ) / 2 + L )
Gü ТО По
П1 DA( I  ) »DA ( I ) + 0 ( b)  * Z ( L* ( L - 1) / 2 + 1 )
HO CONTINUE
HJJTUHN 
END
SUBROUTINE FUMILIM( 0 ,Z ,N  ,  N1 ,N 2 ,  N3 , EPS ,  A, L , SIGN! A, R,DA,KAPPA,
OLAMBDA, BETA,Y ,B ,T E T Л,N 9 ,W, S Z , CTS)
I  NT EG EH В , KT Л , T ET A, W, CT S ,  Y 
НЕЛЬ KAPPA,LAMBDA,T,MAX,TI,L
DIMENSION G ( N ) , a ( N ) , L ( N ) , SIGMa ( N ) , R(n ) , D a ( n ) , Z ( N 9 ) ,
• -BET A ( CIS ) ,  Y( C IS  ) ,  SZ (9 )
s=o
NN2=*D
NN3-0
CALL SGZ( S , G, Z , Л, N , Y, BET Л, В , L, N 9 , W, S Z , C IS )
T1-1
GO TO 90 
NN 1 --1 
T1»1 ■
31
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52 GALL SGZ(S,G,Z,A,N,Y,BFTA,B,L,N9 ,W,SZ,CIS)
IF (NN1-N 1) 53, 53 , 5**
54 GG ТП 50
53 T=( S-0 LDS-GT)*2 .0
F I ­О . 5 9 *T+GT
JI-’ ( f i ) 5 0 , 50 ,56
56 T=-.1. 5*gt / t
IF (T -0 . 2 5 ) 55, 5 7 ,5 7
55 ».25
57 GT=GT *T
T 1- T 1*T
NN2=0
DO 58 1= 1,N
л ( I ) - д ( i ) - da( i )
L (T )= i ; ( l )  *T
da( i. H > a ( i )*t
a ( i )= a( i ) + da(.i )
58 CONTINUE 
MN 1 —Nil 1 -Ь í
GO ТО 5^
50 CALL F I X ( Z , L ,1,N,N9 )
IX) 59 1 = 1 , N
59 H ( I )= Z (1> (  1+ í ) / 2 )
ОЛЬЬ MC0NV(Z,N,N9 )
DG 6() 1= 1, N
60 И( I ) =П( I ) *Z( I * ( I + 1) / 2 )
CALL FIX( Z , L ,0 ,N,N4 )
IF (ISPS) 6 1, 61 ,62
62 Ш  63 1= J , N
63 131 GM A ( I ) «SQRT ( Z ( I  * ( 1+ 1) / 2 ) )
61 CALL MVMULT( Z , G, DA,N ,N 9 )  
MaX= ^.0
KAPPA-0
IX] 645 I  ■ -1 , N
IF (L ( T ) )  6 5 , 6 4 ,65
65 f i =a üs( da( i ) / l ( i ))
IF (FI-MAX) 67 , 6 7 ,6 6
66 • max- f i
67  F I 1=ABS(DA( I ) /S IG M A ( I )) 
i f  ( f i i - kappa) 6 4 , 6 4 ,6 8
-  2-9 ~
С 8 к л Р Р д - к и
6U CONTINUE
6П5 c o n t i n u e
I .ambda = j / м л х
G T - )
un 70 3  I-- ,N 
I I - ( ! ■ ( ! ) )  7 1 , 7 0 , 7 1
71 1Р(ГШ2-П2)72,8 '» ,8*1
8 Л KI«AUfí(i 'A( Г ) / Ь ( 1 ) )
I F  (P I -0 .8 5 * M A X )  7 2 , 7 í - , 7 3  
73 • Ц  [ ) - ! . ( I )* n . ( )
72  CONTINUE
O A (I)  — D A (I ) * ! ,  AMBDA 
ÜT- (ÍTH)A(l  ) * ( ’»( I )
7'.) CONTINUE
705 a  j n t i n u e
I P  (NU3) 74 ,75 ,7**
7H I P  (NN3-N3) 7 b , 7 5 , 7b
7b  I F  (КЛРРЛ-0 . 2 ) 7 5 , 7 5 , 7 7
75  ОЛЬЬ M O N I T O R E N ,NN3, A,SIGMA, R , KAPPA,LAMBDA,ТЕТд)
7 7  I P  (KAPPA-AlJS(liPS)) 7 8 , 7 8 , 7 9
79  - I F  (NN3-N3) 8 0 , 7 8 , 7 В
80 I P  (ОТ) 8 1 , 7 8 , 7 8
81 iXJ 8 2  I « 1 , N
82 Л( I ) ~ л ( i ) + 9 Л ( I )
I,1)ÍIS 
NN2-NN2+1 
MN3-NN3+1 
GO ТП 51
78  CONTINUE 
UPTURN 
END
-  з о  -
Annexes I I I .
' p r o c e d u r e '  S g z ( S , g , z , a . n ) ; ' v a l u e '  n ;  ' r e a l '  S; ' i n t e g e r '  n ;
' a r r a y '  g , z , a ;
' b e g i n '  ' i n t e g e r ' i , t ;
' a r r a y  ' dl*, ddi' [ 1 : n ] ,  d [ 1 : 128];
' r e a  1 '  f , e , c , nia;
S: ■-();
T o r '  1 : 1  ' s t e p '  ' ' u n t i l '  n 'd o '  
g [ l ] : 4 ) ;  t : =n* (n+1 ) / 2 ;
T o r '  1 : 1  ' s t e p '  1 ' u n t i l '  t  ' d o '
z f i  ]:*=();
f  : .---W+1 ; 
e :  - 2 * w+1 ;
' f o r '  t : =6 ' s t e p '  1 ' u n t i l '  123 ' do '
' b e g i n  ' iota [ t  J : - 0 ;
ina: -a  [ n ] * x [ t  ] +a [ 1 ];
' f o r '  1: — 1 ' s t e p '  1 ' u n t i l ' w  ' d o '
' b e g i n '
c : = ( x [ t ] - a [ f + i ] ) T2+a[ e + i ]T 2 /4 ; 
b e t a [ t ] : “b e t a [ t ] + a [ l  + 1 ] / c ; 
d f  [ i +1 ] : = -m a /c ;
d f  [ f + i  ]: 2*ma*a [ i  + 1 ]* ( x [ t  ] - a  [ f + i  3 ) / c T 2 ;  
d f  [ e + i  J: -ma*a[i + l ] * a [e + i  ] / ( 2 * c T 2 ) ;
' e n d ' ;
d f  [ 1 ]: “ 1- b e t a [ t  j ;
d f  [n ] :  - x [ t ] * ( 1 - b e t a  [ t  ] ) ;
T o r ' i : — 1 1 s t e p '  1 ' u n t i  1 'n  ' d o ' 
d d f [ 1 J : - d f [ i  ];
' i f '  e t a - 7  ' t h e n '
' b e g i n '  d d f [2 * w + 2 ] :=0;
' f o r '  i :  1 ' s t e p '  1 ' u n t i l '  w 'do '
d d f [2 * w + 2 ] : - d d f [2*w+2 ]+df[2*w +l+1];
' f o r '  i : - 1 ' s t e p '  1 ' u n t i l '  w-1 ' d o '
' b e g i n '  d d f [ 2 * w + 2 + iJ : 0;
l [ 2 * w + 2 + i ] : 0 ;  
a [2*w+2+i] : =a[2*w+2];
' e n d ';
1 e n d ' ;
b e ta  [ t  ]: -0;
'Г or* i : —1 ' s t e p '  1 ' u n t i l ' w ' d o '
b e t a  [ t  J : ^=beta [ t  ]+a [l +1 ] / ( ( x [ t  ] -a  [w+i + 1 ] ) T2 
+ a [ 2 * w + i  + 1 ] T2/U) ;
beta  f t ]: ma*(1 - b e t a [ t ));
''j I" у [ t  I -0 ' thfti I ' у f t  J: -eta Гt  J ;
d [ t  ]: -raqrt (y  [ t  ]);
f o r m ( z ,£ ,  d dl1, b e ta  [ t  J-y f t  ] ,d [ t  ] ,n  );
S : '-“F>+ ( ( b e t a  [ t  ] -y f t  ] ) / d  [ t  ]) T2 
1 end '
' end ' ;
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SUBROUTINE SGZ ( S , G , Z , A, N , Y, ETA, BETA, В , L , N9) 
INTEGER T ,W ,B ,E T A ,F ,E
REAL MA,L
DIMENSION DF( 3 0 ) , DDF( 3 0 ) , BETA( 1 2 8 ) , G ( N ) ,  
C A ( N ) , L ( N ) , Z ( N 9 ) , Y ( 1 2 8 )  . .
s=o
. DO 85 1=1 ,  N
85 G(I )=0 
T---N* (N+l ) / 2  
DO 86 1 = 1 , T
8 6  z  ( I ) - 0
W -(N-2 ) / 3  
F=W+ 1 
E 2* W+ 1 
DO By T -6 ,123  
ВЕТЛ(Т)=0 
MA A(N) *"4 A (1 )
Do 88 I - 1, w
C = (T-A (F-i I ) )  4«2-t- A ( I•-r ! ) * *2/l \
ВЕТЛ (T )- :BETA (T)+A ( I-i 1 ) / c  
DF(I+1)=-MA/C
DFÜ'1* ! )=- MA*2.0*A( 1 + 1 ) * ( T - A ( F + l )  ) / C * * 2  
DF( E + I ) =MA* A( 1 + 1 ) * m( E + I ) / ( 2 * C * * 2 )
88 CONTINUE
DF (1 )=1 . 0-BETA ( T )
DF (N) =T* (1 -BETA ( T ) )
DO 89 1 = 1 ,N
89 DDF( I ) =DF( I )
I F ( ETA- 7 )  8 5 5 , 9 1 , 8 5 5
91 DDF( 2 * W+2)=0
DO 92 1= 1 ,  W
92 DDF( 2 * W+2) =DDF(2* W+2) +DF( 2 * W+1л 
. DO 9 0  1 = 1 ,W-1
DDF(2*W+2+I)=0
L (2 * W + 2 + l )= 0  
A(2*W+2+I) =A( 2 * W+2)
90  'CONTINUE
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8 5 5  BETA ( Т ) ”0
DG. 93 3 =1 , W
93 ВЕТЛ( T ) =BETA( Т ) + А ( 1 + 1 ) / ( ( Т - А ( F + I ) ) * * 2 + н ( E + I ) * * 2 / 4 )  
BETA ( T ) -MA* (1 -BETA ( T ) )
d t «s q r t ( y (t ) )
ОТТ-BETA( T ) - Y ( T )
CALL FOHM(Z,G,DDF,OTT,DT,N,N9)
S - S + ( BET А(T ) - Y(T ) ) * * 2 / Y ( T )
87 CONTINUE
RETURN
END
-  7Л  -
A n n ex es  IV.
' p r o c e d u r e '  Sgr  (S ,к , y.,a ,n)  ; ' v a l u e '  n ;  ' r e a l '  S i n t e g e r ' n 
' a r r a v '  rr , 7. , a ;
' b e g in  1 ' i n t e g e r ' ,|k ,nn k , . J , i , t ;  .
' a r r a y '  f  ,НРГ1 :n j ;
' i n t e g e r '  aa ,bb cc  ;
' r e  a 1 ' kk,  t t  ,mm. yy ,xx , 7.7,, ky ,ma , k i , t i , m i , y i , x l , z i ;
3: =0; k v := a [ l  ] Т2/Д;
• f o r ' i := 1 ' s t e p '1 ' u n t i l ' n ' d  0 '
e г 1 ] :'=0 ;
t : -n*  (n+1) /2  ;
' f o r '
7
i := 1  ' s t e p '  1
И. ] s=0;
' u n t i l ' t  ' d o '
' f o r ' t : - 6 ' s t e p *  1 ' u n t i l  ' 123 'do
' b e ^ l n ' b e ta  Г t ] := 0 ;
ma : =a Г2 ] +a Г n ] *t ; 
d f  Г1 1 1= 0 ;
' f o r ' l .  :=1 ' s t e p ' 1  ' u n t l l ' w ' d o '
' b e g i n '  a a : =2+w+l;
bb: =2+2 *'*’+! ; 
c r .: =2 + 3*w+i  ;
k k ; =t;+kfi *a Íaa ] -а  Г bb]+a Гее ; 
t t : = t+kfe*a  Гa.a j -а Г bb ] -a Í cc ;
П1лг*: = t+ k f f  *л. f a a  ] -a f bb ] -a f cc ; 
y y : =t  - k f f  *a. Гая ] -а Г bb ] -а  Г cc  ; 
x x : = t - V f e * a Г a a ] -a Í  b b ] -a  f e e ] ;
7 7  : “ t - k f i * я Г я а ] -а Г bb j+a f c c ]; 
к 1 : - s z a / (  k k f 2 + k y )  ;
t l  : = S 7 b / ( t t t 2 + k y ) ; 
m l :  = S 7 c / ( " w T 2 + k y )  ;
у 1 :  =s ?.d /  ( У V t2  + k y ) ;
x i  : = s z e / ( x x  T2+ky) ;
Z l : = P 7 f / ( 7 7 t 2 d k y )  ;
d f  г i+2  ] :  = k l + t i + m l + y i + x  1+7i  ; 
b e t a  Г t  ]:  =beta Г t ] + a  f i+2 ] *df  f i+2 ];
Hf Г i+2 ] :=-ma+df f i + 2 ] ;
k i : = k i / f  kVT2+ky) ;
mi:=mi/(minT24ky] ; 
y i i  = y i / ( y y t2 + k v )  ; 
x i  : = x i / ( x x . T 2 + k y |  ;
3 I : =7.i/(7.zT2 +ky) ;
d f  Г1 ] :  =d f  f 1 ] +a. Г i+2 ] * ( k l + t  i+mi+y i+x 1+71) ; 
k k ;  r=ki*kk; 
t t : = t i * t t ; 
mm :=mi #mm; 
y y : = y l * y y ; 
x x : = x i* x x ;
7.7 1-7.1*7 7.;
к1:^2*та*аГ i+2 1 ;
d f  Г bb ] : = - k i *  (kk+tt+mm+yy+xx+7.7.) ; 
d f  [a* ] : = - k i * i - k k * k f l - t t * k f e - m " ’,* k f f  
+yy*kff+xx*kfe+3 '”*k f  1) ; 
dff.CC ] :=k i*  ( kVr—11 —rnm—yy —XX+77 ) ;
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' end  ' ;
d f Г2] : = 1 -beta Г t ];  
df Гп] :=t*df [2  ]; 
d f  f 1 ] : *a f 1 ] /2  *d f  [ 1 ] J
' f o r ' i : = 1  ' s t ep ' 1  ' u n t i l ' n ' d o ?  
d d f Г i ] : = d f [ i ] ;
• i f '  e t a  L i ]= 1 11
' t b e n '  ' g o t o '  c im; • .
• f o r '  k:=1 ' s t e p '  w ' u n t i l '  4*w ' d o '
' b e g i n '  ' i f '  e t a f k ] = 5  
' t h e n '
' b e g i n '  d d f  [ k + 2 l := 0 j
' f o r ' n n : = 0 ' s t e p '  1 ' u n t i l  'w-1 M o 1'
d d f  Гk+2 ] : =ddf Г k+2 ]+df  f k+2+nn ];
' f o r ' n n : = 1 ' s t e p ' 1 ' u n t i l ' w - 1 ' d o '
' b e g i n '  d d f Г k+2+nn]:=0;
1 [ k+2+nn ] :  -О: 
a \ k+2 +nn ] :  =a I кч-2 ];
' end ' ;
' g o t o '  me t k a ;
• enH* •
' i f '  ' t b e n '
' b e ^ i n '
' f o r ' i : = 1  ' s t e p ' ,1  ' u n t i l ' 2 ' d o '
' f  o r ' .1: -2 ' s t e p '  1 ' u n t i l  '3  ' d o '
' f o r ' n n :  =3 ' s t e p '  1 ' u n t i l  '*1 ' d o '
' f o r  ' ,Jk:=U ' s t e p ' 1  ' u n t i l  ' 5 ' d o '
' b e g i n '
' i f  ' ( e t a  [ k+i-1 ] - e t a  \ k+.1-1 j - e t a i  k+nn-1 ]= e ta  f k+jk_i  ) 
'and  ' i< !  'and ' j<nn 'and  ' nn<.1k 
' t b e n '
' b e g in  ' d d f  f Vr-fi + i  ] :  =df Г k+1 +.1 ]+df  ik+1 + i  ]+^f  Гк+ I + j k ] + d f  [ k+1 +nn ] ;  
d d f [ k + l + J ] : = 0 ;  
d d f  Г k+1+nn] := 0 ;  
d d f  fk+1 + .1k] : =0;
1 [k+1 + .1 ] :  =0;
1 [ k+1+nn] := 0 ;
1 [k + 1 + Jk ] := 0 ;  
a f  k+1 +.1 ] : ^ a [ k + 1 + i ];  
a [ k+1 +nn ]:  =a [ k+1 + i  ]; 
a [k+1 + j k ]  :=a[ k+1 +1 ];
' g o t o '  metka;
' e n d ' ;
' e n d ' ;
' end ' ;
' i f '  w=3 ' t h e n '
' b e g i n '
' f o r ' i : = 1 ' s t e p ' 1 ' u n t i l ' 3 ' d o '
' f o r ' J : = 2 ' s t e p ' 1 ' u n t i l ' 4 ' d o '
' f o r ' n n : - 3 ' s t e p ' 1  ' u n t i l ' 5 ' d o 1 
' beg in  ' ' i f  ' ( e t a  [k-1 + i  ] - e t a  [к—1 +j  ]=e ta  [k-1 +nn ])
' a n d '  i < j  ' a n d '  J<nn 
' t h e n '
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' b e g i n '
d d f [k 4 l  4 i  ] :  =df [k4l 4 j  )+df [k4l +1 ] 4 d f [ k 4 l 4 n n ] ; 
d d f [ k 4 l 4 j ] := 0 ;  
d d f f k 4 l 4 n n ] : - 0 ;  
l [ k + 1 + J ] :=0;
1 [к414 n n ] : - 0 ;  
a [ k4l 4 J ] :  =a [ к41 4 i  ] ;  
a [k 4 l  4nn ] í =a [ k4l 4 l  ] ;
' g o t o '  metka;
’end ' ;
'end  ' ;
' end ' ;
' i f '  W”2 ' t h e n '
' b e g i n '
' f o r ' i : = 0 ' s t e p ' 1 ' u n t i l ' 3 ' d o '  i
' f o r ' . j : =2 ' s t e p '  1 ' u n t i l  ' 5 ' d o '
' b e g i n '
' i f ' e t a [ k 4 i  ]= e ta  [k4,j-1 ]
' a n d ' ( k + J - 1 ) > ( k + i )  r
' t h e n  '
' beg i n ' dd f [ i 4 k 4 2 ] : =d f [k4J 4114d f [ i  4k+21; 
ddf  fk+14.1 j :=0; 
a  [ k 4 14 j  ] :  =a í 14k42 ] ;
1 Í к41 4 J ] :  =0;
' end '
'end  ' ;
' end ' ;
m e tk a : ' e n d ' ;  
e lm: be t a [ t ] := 0 ;
' f o r '  1 : =1 ' s t e p ' 1 ' u n t i l ' w 'd o '
' b e g i n '  a a : - 2 4 w 4 i ;
b b : =242*w 4 i ; 
cc :=24'3*vj41 :
b e t a [ t ] : = b é t a [ t ]4a1142]*(  
s7,a/(  ( t 4 k f  i*a  f aa  ] - a [ b b ] 4 a f e c  ]) T24ky)4 
s z b / (  ( t 4 k f e * a [ a a ] - a  [ b b ] - a [ c c  ]) T24ky)4 
s z c / ( ( t 4 k f f * a [aa  J - a [b b ] - a [c c ] ) t 2 4 k y )4 
s z d / ( ( t - k f f * a [ a . a ] - a [ b b ] - a [ c c ] ) T24ky)4 
s z e / (  ( t - k f e * a  [aa  ] - a [  bb] -a  [cc ]) T24ky)4 
s z f / (  ( t - k f  1 *a. f a a  j -a  [ bb]4a  [cc ]) T24ky)) ;
'end  ' ;
b e t a [ t ] :=ma*( 1 - b e t a [ t ] ) ;
' i f '  v [ t  ]= 0 ' t h e n ' у f t ] : = b e t a [ t  ] ;  ,
m a : = s q r t ( y [ t ] ) ;  
k k : =be t a [ t ] - y [ t ] ;  
f o r m ( z ,g  d d f , k k , m a , n ) ;
. o ;=o t \K K /  «a./ \c- 9
' end '
'end  *4
SUBROUTINE S G Z ( S ,G ,Z ,A ,N ,Y ,B E T A ,B ,L ,N 9 ,W ,S Z ,C I S )
INT EGER T ,  W , В , AA, ВВ, CC, C I S , Y
REAL S ,M A ,L ,K K ,T T ,M M ,Y Y ,X X ,Z Z ,K Y ,K I ,T I ,M I ,Y I ,X I ,Z I  
DIMENSION G ( N ) , Z ( N 9 ) , a ( N ) , Y ( C I S ) , B E T A ( C I S ) , L ( N ) , S Z ( 9 ) , D F ( 2 3 )
ä=o.o .
KY=A( ) * * 2 A  
Ш  83U I = i , N
854 ß ( l ) = 0
1X3 855 I ~ i , N 9
8 5 5  Z ( I ) - G  
I I = C I S - 3
m  856  T=6 , I I
b e t a (t ) =0
MA"A(b ) + a (N )* t
d f ( ) =0
Ш  857  1 = 1 , w 
AA=2+W+I 
BB-2+2*V/+I 
CC-2+3*W+I
к к ^ г + s z ( 1 ) * a ( aa ) - a ( b b ) + a ( c c )
TT=T+SZ( 2 ) *A( AA) - А ( В В ) - a (CC)
mm=t + s z ( 3) *a ( a a ) -  a ( b b ) - a ( c c )
YY-T-SZ( 3 ) * A( А А У-A( ВВ) - A( CC)
xx=t - s z ( 2 ) * a ( a a ) ~ a ( b d ) - a ( c c )
ZZ=T-SZ( 1 ) *A( AA) - A( ВВ)+A( CC)
KI-SZC 4 ) / ( KK* *2+KY)
T I “ SZ (5  ) / ( T T ’**2+KY)
MI=SZ(6)/(MM**2+KY)
YI =SZ (7  ) / (  YY * *2+KY)
XI=SZ ( 8 ) /  ( XX * *2+KY )
Z I= S Z ( 9 ) / ( ZZ**2+KY)
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DF( 1+2) =KI+TI+MI+YI+XI+ZI  
BIJTA(t )-=BBTA(T)+a ( 1 + 2 ) *DP(T+2)
D P (I+ 2)* -M A *I)P ( I+ 2 )
КI “ KI / ( KK**2+KY)
T I = T I / ( T jv**2+KY)
MI=Ml/(MM**2+KY)
YI-Yl/ (YY**2+KY)
XI»XI/(XX**2+KY)
ZI---ZI/(ZZ**2+KY)
I)P( 1 )=DP( 1 )+ A (I+ 2)* (K I+ TI+ M T+ Y I+ X I+ ZI)
KK«KI*KK
TT“ i 'I*TT 
MM =#11 #MM 
YY=YI*YY
Л-
xx=xi*xx
z z =z i *z z
K I « 2 . ü *MA*A(I+2)
DF(BB)=-KI*(KK+TT+MM+YY+XX+ZZ)
DP ( AA) = - K I * ( -KK*SZ ( i ) -TT*SZ ( 8 )  -MM*SZ( 3) +YY*3Z( 3)  +XX*SZ ( 2 )
C+ZZ*SZ(1 ))
857 DP(CC)=KI*(KK-TT-MM-YY-XX+ZZ)
DF ( 2 ) - í  -B líT A ( T )
I )F(N)ssT*DP(2)
DP( )=MA*a ( 1 ) / 2 * D P ( * )  
b i í t a (t ) =ma*( 1 - b e t a ( t ) )
I P ( Y ( T ) )  861,R6o ,86l
860  y ( t )=»b k t a (t )
861 MA“ 3QnT(Y( '? ))  *
KK=4JBTA(T)-Y(T)
CALL FGRM(Z,G,DF,KK,МA,N,HS 
s =s + ( b e t a ( t ) - y ( t ) ) * * 2 /Y (T )
856 CONTINUE 
•RETURN 
END
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A n n e x e s  V.
*p r o c e d u K e '  EhliRLN ( A , S , n , I n , n b m a x , o p s , e f , t a u s q )  ;
* V£i 1 u e ' n , i n , n b m a x , e p a , e Г ;
• a r r a y *  Л,15; ' i n t e g e r '  n , i n , n b m a x ;  ' r e a l '  e p s , e f  , t a u s q ;
' b e g i n '
* r e a l ' c , d , e , c c , 3 8 , s  i g , c o t , с о , s i , h , g , h J , з  1,  s 2 , f , e h ,
3 h , c 1 , c 2 , a ' , a 2 ;
• i n t e g e r '  l i , n b , d r , d i , k ,  1,  i ,  J ;  T o r '  i :  : i  ' a t e p '  1 ' u n t i l '  n  'clo
• b e g i n '  [ l , 1 J : -  1;
T o r '  J : -  1 + 1 ' s t e p '  1 ' u n t i l *  n  ' d o '
.” [ 1 ,  J I : = i> [ J ,  1 1: -  О
1 end';
* fо г1 ii:- 1 'step* 1 'until' In 'do'
•begin'
e ps: - eps/ef;
•for' nb:~ ),nb+1 'vjhile' nb < nbmax 'and' dr + di > 0 'do* 
•begin' 
dr:~ di:~ O;
'for' 1:- ÍÍ 'step' 1 'until' n 'do'
'for' J: - 1 'step' 1 'until* i-1 'do'
'begin' c:- A[i,jl + A[j,l];
d r -  A[ i , 1 !  -  a [ J , J 1;
'if' abs(c) < ops 'then'
'begin' cct" 1;
s s :  = о 
'end' 'else'
•begin' cc:= d/e;
slg: = 'if cc - 0 'then' 1 'else' sign(ce);
c o t : -  c c  + s l g  * s q r t ( l  + c c  * c c )  ; 
s s : -~  s i g / s q r t ( d  + c o t  * c o t ) ;  
c c : =  s s  * c o t ;  
d r : -  d r  + 1
'oriel';
e:*-* A [ 1 , J )  -  A [ J , l l ;
eh: = 1; ah: = 0;
•if abs(e) 'go* ops 'then'
•begin' со: - ее: * ее « ős * ss; 
si:- 2 * ss * ее; 
h: -  g :  = h J :-- 0;  .
Tor' к:= 1 'shop*'! 'until' n 'do' 
•if' к if i 'and' к if j 'then'
• b e g i n '  h:~ h + A i i , k |  * A f J , к I -  
A [k,i  I * A [ k , j !; 
s 1: = л [ i , к i T 2 A [ k ,  J ] T 2; 
s 2 : -  A [ J , к ] t  2 + A L k , i l  T 2 ;  
g : -  g -»■ s i  + -S2; 
hj: = hj + SI - s2;
1 e n d ' ;
d: = d * со + e * si;
hr- 2 * h * eo - hj * si;
f:- (2 * e * d - h)/(A *
(e * e + d * d) + 2 * g) ;
1Г ' ahs(f) 'ge' eps 'Ihon'
'begin' eh:-' l/sqrt(l •• f * f) ; 
sh:~ f * ch; 
di:=s di + 1 
' end'
end' ;
d :  = ch * cc - sh * ss;
c2:- ch * cc + sh * ss;
s1:= ch * ss + sh * cc;
. 0 2 :=  sh * cc r- ch * ss;
'if' abs(sl) + abs(s2) # 0 'then'
'begin' 'for' 1:= 1 'stop' 'until' n 'do' 
'begin' аГ:= AÍl,il;
41
£w-:~ Л [ i, j !;
A f l ,  I  ] :=  c2 * a l  •• s2 * a 2 ;
A L1 ,  J J : -  c * a2  -  Sí * a l ;
a 1: * S[. , l  l ;  
a d : -  S [ 1 , j ];
■ S [ l , i  ]:  -  c ,2  * a  •• s2 * a 2 ;
0 1 1 , j ] :=  о * a 2 ■* ^1 * a 1; .
1 e n d ' ;
• ro l l '  L:~ I ' s t e P '  1 ' u N t i l '  n ' d o '  
' b e g i n '  a 1 :~  A Ü , l l ;  
a 2 :  = A l J , l J ;
A L i , l ] : -  c { * a*1 + s l  * a 2 ;
A[ J , 1 1 : “ c2 * a 2  + s2 * a  1;
' u n d ' ;
•en d ' ;
' e n d ' ;
• e n d ' ;
1 e n d ' ;  
b a u s q О;
' f o r '  i : -  1 ' s t e p '  1 ' u n t i l '  n ' d o '
' f o r '  J : ~  i  + 1 ' s t e p '  1 ' u n t i l '  n ' d o '  
bausq:  = t a u s q  -b А Г1, J I Г 2 + A l j , i  ! t 2;
' e n d ' ; '
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' procedure’s g z ( S , g , z , a , n ) ; ’v a lu e 'n; ' r e a l 'S ;  ' I n te g e r 'n;
'array 'g , z ,a ;
'b e g in ' '  ln t e g o r '1 , J, t. ,nn,k,wfj,v/ ’,w7,wb,w }, 11, JJ;
' lntoge r ' w8,w't,wR ,w I1 > ,w (1 ,wl2;
'array' i l f . tU l f t l s n l ,
t, ’ 1 , t i 8 , t 13, t l J | , t 81 , t 2 2 , t 2 3 , t 2 f l , t h ,  
t e , t t e , t ; f i , t o t  [l  : 12 I ,b 1,Ы1 [ 1 :<1 I ,
t a , t b Í1 : 8 , 1 :8 l , f [1:121 , p H , p42,p13, pi*»,p2 l , p22,p?3, p2*l И г 1 2 ] ,p k [1 :> i | ,p v [4  
8 , 1:НI , t l i h [ i : 1й I;
'r e a l  ‘ m u tte ,m u tfl , iltt ,dmt;
' r c a l ' k y y ,k y , t l ,k i ,m l ,y l , x i , z i ,b l , a i ,k k , t t ,m m ,y y ,z z ,x x ,m a ;
' Гог’1 : - 1 ' a to p '1'u n t i l 'n * d o ' 
ß i l !:«');
t :  n*(m  0 / 2 ;
’ Гог ' 1 : 1 '  step' l.'untll 't 'do'
z.i l  !:«•);
' Го r • 1: -1 '  at о j»' 1' unt 11' w • do '
•begin ' vdt :-=l4 l+w*d;
wR: -1+1 tw*R; 
wl0:~i+1+w»10; 
w 11: -1+ \ +w * 11 ; 
w l8 :~ l  i-l+w » 12;
t  hi 1 !: Л. h [ 1+'I I: -*l h [ 1+6 J: ==t h 11+81: =t h [ 1 + 1 о 1: -=koe f l» a  [w'l 1; 
t hi 1+2 j : dcoof J + ( (1 tkoefil) *a [wit ]) ;
thh ' l l :  =thli [ l+ i | !: =thh [1+6 I: =thh [1+8 I: -thh [1+10 I: a [wit I; 
thh Í1+8 I: --a [wi| 1 #( i+ k oef't);
t e  [ l  I : =to l1j 8 1: =te [ 1+0 1: -=te [1+81: =te [ l+ lo  j : -a [wR ]; 
t e  [l+i| j : a [wR |*( l +кооГЗ);
t t e  [l. ]: --tie '.1+2 J: t t e  [1+8 I: = tte  [ l+ lo  J; - t t e  [1+k 1 :=a [wlo i ; 
tte: Ll+(>!: "a [v/1 ) I *(1+koef*>);
t f i  :.l j : -t Г1 [1+8 !:=triil+it]:-d;ri [1+81 : - t f l  [1+4)1: -a [w 11 1; 
t Г111+8 I: =a [ví 11 I *( l+koef7);
t e t  i l l :  - t o t  [ 1-' 2 J: =tot i 1+8 I: =tet [1+6 ]: = t e t  [ i +8 1: = a [w 42 1; 
t e t  [ 1+ 1 1 I: =*a [w 12 ! ’ (4 +koufR);
•enci ’ ;
T o r ’ 1 : - 1 ’S l e p ' l ' u n t i l ' 1 2 ' d o '
•begin' kk: 3 1 i i ( t t e [ l ] ) ;
t t :  aln( t f l [ I ] ) ; 
mm: --со a ( t  f  1 .. 1 ] ) ;
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yy:- -«o8lfc t ( j  í.i I ; ;  
x x : -  5* t e  Li ] ;  
r . z : ~ t h  [ i  I *yy;
t-a í 1,1 i :=ta Í5,5 l : -xx-1 . [ i * z z ;
ta  í 1, 5J: ta i 'j ,7 !: 4 a  Í 2 , H  I: -ta [6 ,81 :=ta [ 5,1 I: - ta  [7,5 ]: Hca P»,2 I s =ta [8 ,6  J: = 
1 .732»te t [ i ]  * t e [ i l ;  
ta  [2,2j:---ta [f>, Г> I: =^-xx-o. 5*zz;
t-a [í?,3 J: ta [6,7 ! :-ta L3,2 ] r -ta s =*-th [i 1 *kk*mm;
t a  i , 2  ]: ---ta [ 6 , 6  I : =ta i 3,U !: - t a  [ 7 , 8 1 :  - ta  [ 2 , 1  1: = t a  [ 6 , 5  I : --ta  [ 4 , 3  h  - t a  1 8 , 7 b  -
ta CÍ- , 3 I ÍÍ6;
ta [ 3,3 I:-ta [7,7 1: -xx+). 6*zz; 
t a  p l ,  't i : " ta  [8,8 1: -ххч {.  5*zz; 
ta [6,3 1:-ta[3,6 I: -th[iI*kk*tt; 
ta [2,vb-ta[7,2] :--ta[(>,3!;
t-a 13,2 Ia[2,51 : ta[7,í* b -ta [■'»,7b-ta [6,31 »0.866; 
ta f 1 ,61 s-ta [6,1J: ta L3,8 1: ta [8,3'1:--ta [6,2]; 
ta í 1, U .1 : -ta [6,8, ]: =t i [П, 1 !: - ta [8,6 I: -ta [ 6,1J: - ta [ 5,3 It­
ta i 6V* l: • :ta [6,2 I: -ta [6,U1: -ta Í 7 ,1 l: -ta [7.31 s =ta [8,1 Is­
ta Í8,2 J: ta ! 8, h  I:- ta [4,5b ---ta [ 1,7 I: -ta [1,8]: -ta í2,6 J: - 
r;'a [2,8 I: ta í3,6 J s taÍ3,7b“ 
ta pl , 6  !: ta í , 6 ]: ta [П,8 J: =0; 
hBKHLN (ta,1b,8,3,26, 1 &-5, 10, dk); 
к: 1;
• fo;•' U: -< ' ste p' 1'unt11 *7'do '
• for ’ JJ: -2 ' s t e p ' 1' u n t i l ' 8 ' do'
• b c?gin' 'if aba (ta t ii, ii ] - ta i J J, J J I) <koof 3 
'and' JJMI 'then'
' beg in ' pk[k: : =ta [ i i , i i  i ;
' fon'nn: - - i ' s tep '  1'unt.il '8'do ' 
pv [nn , к I : =t b [nn, i i  ] ;
к: -k+1;
•end';
•end';
kk: -koel’2* > o * t h h f i ] ;  
t it  [ i ]: pk [ 1 ] +kk;
1 1 2 [ i 1: - p k L1 ! - k k ; 
t l 3  ' i  ! : -pk[2j Иск; 
t\>\ [ l  i : pic [2 i - k k ; 
t d l  [ i ]  :=j>k[3i+kk? 
t 2 2  [ 1 j : • pk [3 i - k k ;
183[i 1:-pkpli +kk; 
tie'; [ i i :  -1> с [H -kk;
-  Ц.Ц. _
műt;te: ~ t t o  [ i ]; 
műt; fi: “t fi [ l ! ;
írttá»: v(»kt;oj’( p v , műt, t e ,  mui.fi, Ы1, b t ) ;
p H  [i] :-b tf 1] *kff ;
p 1 2 [ i . | : b'l L í ! * k f  f r ;
p : :? C l I : •! > [2 ! * k f f b ;
p l '1 [i j :~hU (2 Í *kff'i;
píH.Li ] : -tf) [S] f ű T  ;;
p2 2  ( l  j : --Ы1 [S ! »kr*f ő ;
p73 l! .!: ;'b гл I *kf í*7;
pi»Í4 [ i  j : t> ]  * k f f Я ;
* énei' ;
1 f o r • t :  -(» ' s t e p '  1 ’u n t i l '  v.i - b 'cto'
' b o d i n '
■ beta !.t i i: ■;  
ßarnma l’t I
ht.i: -a í.i I+a ■ n ! * x ; t !;,
' fu r • 1: t ' t о p ' i ' un ti I ' '  а о ’
' bt?£;1 n ' ví b: 1 + ti b *w;
w 7:-=1+1+7»ví; 
w ') : -  i-t i+ 4 * w : 
w 3 :  -- i I- i +v, * ']; 
ky: a  [i+v.’ b II Tf/b ; 
kk: =x t ; +kfi*a íV> i -a C - ’ 7  J +a iw9 J; 
t;t: -;c, t ! +kfe*a !.wb j-a íwv 1 -a [ w l  ]; 
mm: -x t  i + kf f *a [ у  у  • -a [wy 1 -a tv»«) ]; 
у у : • -х 11 UkiT*a tv/'p ] -a [w7 ! a [wb j; 
xx: "X it ] «ki‘e*a ,’vbj I -a iw7! -a [w9i ;
27.: -xit; ]-kiU*a i.v»'?' -a tw7 ! +a fv»<) j;  
ki: -kk 12 +ky; 
t i :  “ t t  I2+ ky ; 
m i : -:mmT2+kv;u 7
yi: - y y  2+ky; 
xi: - -xx (2+ky;
7.1: ^7.7. tP-,-ky;
t)is-ma^a Lví S i :
. d f  Lw.'i] : ' « « 2 a / k i 4 - s z b / t i  bV.c/ri + s z c i / y l i  s z e / x i + 3 z f / z i ;  
c if  [i+w+ 1 ] :  - b i * a  ’ i-i w f  1 j / ? * (  r Z a / k i  1 2 + szb , . i  1 2 + a z c /m i  12+
£ 7.c í /y i  Г2+:>7,е/х! 1 2 + s z f / z i  12) ;
-  45  -
uc;t.a  It 1: -i)ot.a l t. ] i a [ w 3 J *d f  [v/ 3 J ;/
kmk[t' , 1 1: b e t a  i t  j ; 
d f  [v/.iJ: - -n ia * d r  V 3 !;
lCK • :rl\.lrv/Irwi i < J * £> i-.Scl f 
mm-: - r.un/ml Г2 *«;xe;
yy:  = y y /y i f2 *r.zd; 
x x : ••x .x /xit2*szc*;
T7.:~-x x , z 1 12 * и x Г;
cif [w'j J : - 2 * b i  * ( -k i ’i » k k - k i ' i - H t - k r f  *яин
+kiT*yY+k.i’o#xxH k£4*zz) ; 
d f  [w'yl: - 2 * b i  * ( k k + t t +пюн yy+xx+zx ) ; 
d f  [v/'11: - 2 * b i* (  kk- t t -m m -yy-xx+xx)  ; 
w 2 :  ■ l-i-1+ví * 2 ; 
v/6 : 4+i+v/ *{); 
k y : -a  Ll+1 ! tk ' / ' t ;
1:. 1: x l t. ] - a  iw6 ! -  t  4 1 j i  ] ;
" k i : x 1.1/ I - a  s.w6 I -t. 1 2 [ i  ! ; 
m i: -x [ t  I -a  [vwtS! - t  1 3 ’ l l ;  
у I : rx ■ V. I - a  [v/6 ] - t  1П Í. i  ! : 
x i : -x [ I i - a  |.wb • -4 .2 1 [ 1 J ; 
x i :  - x [ t  i - a  [w(> J-4.22Í l ]  ; 
o i : ;-xLt; I - a  Lwb i - t .2 3  { i  j ; 
a i : =-x i.t j - a  [v/6 !~ t2k  i l l ;
U . : - t i  '"2+ky; 
k k : ---k L Г2 t-ky; 
mm: ---ml i  2+ky ; 
y y : - y i  Г2+ку; 
x x : --xi Г/M ky; 
z x : ~z i  i2 ( k y ; 
mut la; : b i  F2+ky ; 
mut i‘i  : ---a i  T2+ky ;
d f  |w2 i : —ina*( p 1 1 [ i ]  / t t - ; - p i2  [ i  J /kk+p4 3 [ i  J/mm+p^t [ i  1 /y y f
pi? 1 [ i  j ,/x x : p22 [ i  J / z  z+ pi? 3 [ i  I /m ut t  e+p2d [ i  I /mut f i ) 
d f  [v/6 !: =~2*ma *a |w2 J * ( p i  1 [ i  ] *t 1Д  t  i  2 + p i 2 [ i  I * k i / k k  T2+
p-|3[i]*mi/mmT2+pM [ i  1 *yi/yyT2+ 
p 2 1 ’ i  ] * x i / x x  Г2+р22 L i  ] * z i / z z  Г2+ 
p23 I. i  I *b i /m u t  t  e f 2 t-p2b [ i  1 *a i /m u t  f  1 T2) ;
1 end 1:
-  46 -
d f  t i + 1 I •• - a  i 1+1 I/ Р r^au *a [v/í? j *(  
pl 1 • i  ] / t t  ríí+pl;* [ l  1/kkr2 + p U  [ i  I 1iimrg+pШ í i  ].. yy Г2+
p;; 1 [ i l / x x T 2 + p K » í i  I/ÜZ '2 +p2 3 [ i  ] /műt te  Г?Мр2 П [ i  ]/mut i ' i  Г2 ) : 
gamma It I : -gamma i t  I n a [vi2 ! •*( - d f  Lv/Í. i ) /ina ;
'erűi';
b e t a í t  I : - b e t a  I t ]чgamma i t ] ;
d l ’í Í J : i - b e t a  (.1 ); 
d Г í r  J :~Xut ] *cii4 Í j ; 
b e t a  i t J : -ma *uf L1J :
T o r 1J: - o ' í i U . ' p ^ ' u n t l  l ' l o  •<!<.»«
T o r ' l l  1 ' s t e p ' l  ' u h t i l  *w ’ do •
' b e g i n ' k y : -a l 1 i 1 j ü . ' / ' i ;
wb: 1nitw*b;
rt. i i  J ] : a l l  Hw */>]*( pi l U h J ] / ( (Xlt ] -a  [wO ] - 1 11 Ц + j l ) fg+kY)+
p I2 i in j  j / (  (x i t  l - а  Íw6 J ~ tÍ2  l i  t J ]) t2+ky) + 
p»13 Un J J / ( ( x [t. j -a  iv/6 ] - t  13 l l-i J j ) T2+ky) + 
p 1Л [ 1h J 1 / ( (x í t  ] - a  [w6 ! - 1 in 11+ J j ) Tg+ky) I- 
pl  1 I ln J  ] / ( ( x  Lt i -a i wü 1 --tg 1 11 1 J i ) tky) н 
pPP [in J I /  (( x [t 1 - а  I wb J -122 U H J 1) Í2H k y ) 4 
p? 3 [ln j J ( (xl l .1  -a [wb i - 1 2 3 Un j ] ) T2+ky) + 
ppn Un л J/ ( ( X t.t j -a  [w6 J - 12П (i + J I) T2n-ky) ) ;
4
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* fo  г ' 1 :  -1 ' s t  о p ' I ' u n t  i  1 1 w ' do *
* b o g i n  ' d f i . i t -  '!-w*d : ! - f  [ i + k  j ) / (  A í. U -1 w |*koof<l )  ;
dl '  • i-f { hí  *V-1: --ma * ( f  [ i  ] - f i  i i  •! !) / ( a  [ 1+ i  hí -*P> 1 *k> : о Г , ) ; 
d f  Г i  ( 1 ч-w » / : ! I : -=ma *( f [ i  J - f  [ i-f 6  I ), ( a [ i H  t w >i ' 1 * k o e f ( > ) ;
d Г i. i  í 1 Hí * 11J : ■ =n>a * ( i* L i  I — Г [ 1+f 1) /  ( a  í 1 -i i t-w *11 ] * kon f  7 ) ;  
d f  l 1+1 +w* id !: -ma*( Г {1 ! - f  [ H l  '• ! ) /  ( a  í i+  1 +w* 1 2 ] *kr>efB) ;
* end  1 ;
• f o r '  1:  =1 ' s t o p ' 1 ' u n t  11 *n 1 do ' 
d d f l l  I : “ d f  [ i ] ;
' i f '  é t ,a  i. 1J “ i l  1 ' t h e n *  ' g o t o '  e lm ;
• i f  ' o t a i l J - - - 2 2 2  ' t h e n '
• b e g i n '  dd f  [ei ] : - 4 l f  [U l+ d f  J \  J l d f  ![>];
' f o r  *rm: -zt i ' s t e p '  1 ' u n t i l  ' 3 ' d o '
' b e g i n ' d d f  Lrin+íi 1: -0;
ai [nni-2 !: :~a U2.I; 
i  inn+2 i : 0 ;
1 en d  1 ;
' e n d ' :
' i f  e t a  L‘3 I “ 3 3 3 '  t h e n  '
' b e g i n ' d d f  [(■> I : - d f  i.t> i -Klf iR I-Hi f  ; d i ;
' f o r  ' n i t : - f ' s t e p '  1 ' u n t i l ' j ’do '
' b e g i n '  d d f  fnn+f) J :-=
a  [rtn-t-6 ! : *-a [61 ;
1 [ши 6 J : -  >:
' e n d ' ;
' e n d  ' ;
b e t a  [ t  ]: -gamma i t  i : -0 ;
1 Гоi ‘' i : -  i ' s t e p  ’ i  ' u r l t  i l 1 w ' <i ö '
• b o g i n '  w'j:--i4 1+vj*5 ;
yj J:==i+l+;$#w;
V/у: l+ i+7*W ; 
vjd: = i+i+<)*vj; 
w 6 ; - i + l + w * 6 ;  
k y : --a L i+w+ 1 } Т2 / П;
b e t a  i t  I : = b e t a  [ t  J + ( a  lw;jl *( s z a / (  (x  i t  1-bki‘i  *a iv;yj -a [wy h a  [wd I ) Г2+ку) +
s z b / (  ( x  i. t  ] + к Г е * а  Lw 31 - a  iwy ■ - a  Lw .) J ) . '2+ky) +
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s z e / (  ( x  [ t  | + k f  f * a  t wH ! - a  iw'f ] - a  iW)  | ) f 2 + k y )  н 
s z d / (  ( x  [ t  ] - k f í ' * a  Íw 5  l - а  Ívj?  I ~a  [w 9  I ) T 2 + k Y ) +  
s z e / (  ( x  i t ) - k f e * a  i w '5 1 -a  [w y  1 - a  fw f) ] )  f 2 + k y ) + 
a 7 . r / (  ( - x i t  | - k f i * a  i w > ] - a  [w 7  | + a  [w\< i )  Г 2 + к у ) ) )  ;
k y y : - a l i ;  l  I tZ/Hi
gamma 11 ] :  - g a m m a  11 ] + ( a  I i +  < +w* 2  J *
( ( p H  Ü ) / ( ( x L t ] - a  I W b l - k l l  í i ] ) T 2 + k y y ) )  +
. ( p < 2  f i  ] / ( ( x  [ t  ] - a l w 6 l - t l 2 [ i ] ) Г 2 + к у у ) ) + 
‘( p * 3 [ i  ) / ( ( x [ t  ] - a  [ v / 6 | - t  <3 [ i  ] )  T 2 + k y y ) ) +
( p ü l  u | / ( ( x  L t ] - a  Í w 6 J - 1 [ 1 ] ) f 2 + k y y ) )  +
( р е 1 [ i 1/ ( ( X [ t  J - a  t w 6 1 - 1 2 1 [ i ] ) 1 2 + k y y ) )  +  
( p 2 2 [ i ] / ( ( X L t l - а Íw6 J ~ t 2 2 f i i ) ♦ 2 + k y y ) )  +
( p23 f 1 ] / ( (x [t ] -a [wf-] -1,23 [1 ]) f2+kyy)) +
(p2*> [ 1  ] / ( ( x [ t  ] - a  Lw(j I . t ? i (  [ i  I ) f  2 + k y y ) ) ) )  ;
1 e n d  • ;
b e t a  [ t  ] :  = ma*(4  - b e t a  i t  1 -gam m a i t  1) ; 
e l m :  ' i f '  у  [ t  ] * o r '  a l l t ] « 1
' t h e n 1
' b e g i n '  у  i t j : - b e t a  i t  1; 
a l l t j : = l ;
' e n d ' ;
d t t : * = s q r t ( y [ t ] )  ; 
d m t : - b e t a [ t i  ~ y  i t  J ;
Го m (  v.,  g ,  d d f  ,  d m t ,  u t  t ,  n )  :
• S : - S + ( b e t a i t  1 - y i t  J)  t 2 / y  i t  ] ;
' e n d ' ;
' e n d ' ;
«
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SUBROUTINE VEKTOR ( VK, RTF, RFI , В З ,  В*0 
COMPLEX V,CA21,CA22,CEXPFI 
DIMENSION V( 4 , П) , VK(8 , U) , B 3 ( 4 ) , BU(*1)
Q=o. 5 7 7 З 5 0 2 6 9 19
CEXPFI~CMPLX(COS(RFI) , - S I N ( R F I ))
F*0.5*RTE 
C A l1“ S I N ( F )
CA12~C0S(F)
DO I е? 1-1  
DO 13 .1 = 1,*»
15 V ( I , j ) «CMPLX( VK( I , J ) , VK( Т+П, J ) )
CA21— CAl2*CEXPFI 
CA22»*CA11*CEXPFI 
IX) 17 J**1,4
OB3( J ) = ( (  CABS( CA11 *v (  1 ,  J ) +Q*СЛ11 * V( 3 ,  .1) 
1 + C A 2 1 * V ( 4 , j ) + Q * C A 2 1 * V ( 2 , j ) ) ) * * 2  
2 + ( CABS( СЛ11 *V( 1 , J ) -Q » С A11 * V( 3 , J )
3 -C A 2 1 * V (U , j )  <Q*CA21 * V ( 2 , j ) ) )  **2
*й (CABS(CA11 » v ( 2 , j )  ♦ СЛ21 *v(  3 ,  J ) ) )  »*2« 1 .3 3 3 3 3 3 3 3 3 3 )  «*». 18879020*48 
ОВД ( J ) = ( ( CAUS ( CA 12 * V ( 1 , J ) +Q *CA12« V ( 3 ,  .1 )
1+CA22*V()4,J)  f Q * C A 2 2 * V ( 2 , j ) ) ) **2 
2 + ( C ABS( CA12*V( 1 , J ) -Q*CA12 «V( 3 , J )
3 -СЛ22 *v ( 1|, J  ) +Q* СA22* V ( 2 , J ) )  ) * *2
Uf(CABS(CAl2«V(2 ,  J ) + C A 2 2 » V ( 3 , J ) ) )  »*2 » 1 . 3 3 3 3 3 3 3 3 3 3 )  *J4.18879020*18 
17 CONTINUE 
RETURN 
END
50
Annexes VI.
'begin* ' i n t e g e r ' n . n n ;  
n n : - r e a d ; 
n : « r e a d ;
n o w l l n e ( 3 ) ; арасе(':Ю);
w r i t e t e x t (  ' (  1 p r o g r a m i ig  j a ' ) ' )  ;newli .ne(  3 ) ;
'b e g in *  ' a r r a y *  a ,  x , y , z ,x1  ,y l  , z l  [1 :n]  , f  [ 1 l , u[  1:3  I ,
f c a , t b [ l  : 3 , 1 : 3 l , х Р , у Р , / . Р , я Р f 1 :n ,  1 :nn. | ,mni[ 1 :1 1 ,1  :nn ] ;
' I n t e g e r  * i , d ,w, к , t , J ,m, x a , x.b, J j ;
' re'a 1 * aa  , b a , e a , da , a , b , c , r , r P , r  3 ,  r r3, q , p, 
u l , v , 1 1 , I P , 1 3 , k a , k b , k c , a 1 , Ь 1 , c 1;
' p r o c e d u r e ' J a k o b i ( n , rho , a , o ) ;
' v a l u e ' n , r h o ;
'  I n t e g e r ' n ;
' r e a l  * r h o ;
' a r r a y ' а ,  я;
•beg in  *' r e a l ' nonn l  ,norm?, t h r , mu, omega , a i n t  . c o s t , 1 n t  1 , vi , vP, v}; 
* i n t  ege  г ' i , J , p, q , l n d ;
' f o r ' i  : = 1 ' s te p *  1 ' u n t  11 *n 'do  *
'  f o r ' J : ■* 1' a t  e p ' 1'  un t  11 ' l ' do '
• i f ' l - J ' t h e n ' s [ i , j ]  :=*■>'e l s e ' s  [ 1 , J !: s f j . l  !: 0;
I n t i : «О;
'  f o r '  i : =»2* s t e p '  1 * un t  i 1 *ri *d» t *
* f о r '  J : = 1 ' 3 1 e p '  1 ' u n t  11 • .1 - 1 '  do * 
i n t i : » i n t 14P t a l i ,  j l  TP; 
n o n n l : ™ t h r : ~ s q r t ( i n t  i ) ;  
n< > лпР : - ( r h o / n ) "no rm 1; 
i n d :~ 0 ;
main:  t h r : ~ t h r / n ;
rra 1 n 1: ’ f  о r ' q : ~2 ' s t e  p ' 1 '  u n t  1 1 ' n ' do *
• f o r ' p : - 1 ' s t e p ' 1• u n t i l *4 - 1 ' d o '  
' i f *  a b s ( a [ p , q l ) > t h r  ' t h e n '
' b e g i n '  i n d := 1 ;
v 1: - a  f p, p J ; 
v P : *a [ p, q J ; 
v 3 : ~ a [ q , q ] ;
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>
*
m u : - 0 . 5 * ( v l - Y 3 ) ;
o m e g a : = ' l f '  m u - O ' t h e n *- 1 ' e l s e ' - s l g n ( m u ) * v í ? / 3 q r t ( ví? T2fmu Ti?)
3 l n t s - o m e g a / s q r t ( 2 * (  1 - t s q r t (  1 - o m o g a T i ? ) ) ) ;
/
c o s t . : ~ s q r t (  1- a i n t  t i ? ) ;
* f o r  * 1 :  = 1 • s t  e p  • 1 '  u n t  i  1 * t i '  do '
• b e g i n ' I n t  1 : ъ [ 1 , p J * c o s t - a [ 1 , q I * s i n t ;
а  Гl , q ) t - a f 1 , p I * a l n t t a  f i , 4 1 * co s fc ;
a[l,pl: - int 1;
I n t  1: - s  [ 1 ,  p ] *eoa t  -  з  [ 1 ,  q ] * з  In  t ;
. s  [ I , q ] :  - s  [ i , p ] * s I n t  t s  [ 1.,q I *eo  s t ; 
a f 1,  p ] :  - I n t  1;
• e n d •;
• f o r  • i : " 1 • s t  ep* 1 1 u n t  11 • n • do *
• b eg I n ' a  í p , 1 1: - a  [ 1 ,  p 1;
a i q > 1 1 • " a  [ 1 j q 1 j
• e n d ' ;  v
a [ p , p l : " v i d e ó s t  ffí-tvÍKsint T?-i?* v ? * s l n t * e o s t ; 
a  fq ,q  i : -v 1 "s I n t  Ti?+v3*cost ?P «3 I n t  » c o s t ;
a [ IV1 I : a fq , p ) : ~( v1-v3) *RInt »cos t  t vP* ( c o s t  tí?-sIn* *?);
* end •;
•if lad -1 »then*
•beg in  * Vnd:- О;
•go t o *  ma í n  1 
' e nd*;
• I f ’ t h  v>n<»rtriP ' t h e n  * 'g o  t o  ' ran 1 n ;
» , t •
' fo r ' j : -* 1 * a t  e p ' 1 ' unt  .11' n n ' do '
•b< ‘, f, l n ' ' fo r ' 1: “ 1' s t  e p '  1 • u n t  J . l ' 11 * do ’
mm[1 ,  j ] : ^ r e a d ;
' f o r '  1: -1 ' s t e p ' t  ' u n t i l  ' n ' do '
' b e g i n ' xP [ 1, J ]:  ----read;
y P [ l , J ] : - r e a d ;  
z 2 [ 1 , J ] : « r e a d ; 
s P [ 1 , J ] : - r e a d ;
’e n d ' ;
5 2
' e n d ' ;
' f o r '  J J :  « 1 ' a top* 1 ' u n t i l  *nn'do ' 
' b o g i n  ' x a : mm [ 1 , J .1 ];
xb:  mm [2 ,  JJ  1; 
w: mun (3 ,  JJ  ];  
a : mim[ , j j l ; 
b : mm [ ‘j , J J 1; 
о : -mm Í b , .1J ]; 
v : -mm [ y , ,JJ ];
11:  mm[ 8 , J J j ;
1 2 : -mm [9 , J J I ;
13:  тот Í 10 , J J ]; 
m: -mm ! 1 1 ;
' f o r '  1: 1 ' S t o p ' 1 ' u n t 1 1 ' n ' do '
' b e g i n ' x1 [:l 1: =x2 Г1 ,  J,] I ;
y 1 [ i ]  : - y 2 [ l , ’J j ] ; 
z 1 (l ] : ~z2  Г1,  J J  ]; 
s (1 ] 1 ,  J.J I ;
' e n d ' ;
nowl In e(  3 ) ;
spaoe(  З0 ) ; w r l t e t o x l . (  ' ( ' n o m o r ^e o r l  l *) ' )  ; 
spaoe(  З ) ; pr in t .  ( xb f h , 0 ) ;nowl l n o ( 2 ) ;  
sp a c e ( 3 o )  ; w r l t e t e x t ( ' ( ' n u l o v a J a ^ t o c R k a  ' )  1);  
s p a o o ( 3 ) ; p r i n t . ( w, 3 , o ) ; 
n e w l i n o ( 2 ) ;  
k a : '-0; 
k b : - 0 ;  
k c : “0;
a pa со ( 20 ) ;  w r . l t  ot. e xt. ( 1 ( ' x ' )  ' )  ; 
space(PO)  ; w r l t o t e x t (  ' ( ' y ' )  ' )  ; 
s p a ce (2 0 )  ; w r i t e t o x t  ( ' ( ' • / .  • ) ' ) ;  
s p a c e ( 2 o ) ; w r . l t e t e x t (  • ( • s ' ) ' ) ;  
n o w l i n o ( 2 ) ;
' f o r *  Is  — 1 ' s t o p '  1 ' u n t i l *  n ' d o '
• b e g i n '  a p n c o ( l 5 ) ;  p r l n t ( x 1  f l ]  , 2 , 5 )  ;
S |a c e (  12) ; p r l n t ( y  1 (1 1 , 2 , 5 )  ;
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s p a c e ( l 2 ) ;  p r i n t ( z 1 [ i ] , 2 , 5 ) ;  
sp a ce ( 1 2 ) ;  p r i n f c ( s [ i ] , 2 , 5 )  ; 
n ew l i ne (  1);
1 end';
' f o r ' d : = 1 ' s t e p ' 1 ' u n t i l ' x a ' d o '
•begin'  n e w l i n e ( 2 ) ;
зр а с е ( Ю ) ;  w r i t e t e x t (  ’ ( ' s a g * ) *).» 
s p a c e ( 3 ) ;  p r i n t ( x a , 2 , o ) ; 
s p a c e ( 3 ) ;  w r i t e t e x t ( ' ( 'ka = ' ) ' ) ;  
p r i n t ( k a , 2 , 6 ) ;  sp a c e ( 3 ) ;  w r i t e t e x t ( ' ( ' k b = ' ) ' ) ;  
p r l n t ( k b , 2 , 6 ) ; s p a c e ( 3 ) ;  w r i t e t e x t ( ' ( ' kc = ' ) ’ );  
p r i n t ( k e , 2 , 6 ) ;  n e w l i n e ( l ) ;  
a:=a+ka;  
b : ~b+kb; 
e:=e+kc;
' f o r ' i : = 1 ' s t e p ' 1 ' u n t 11 ' n ' d o '
' be g in '  x [ i ] : » x l ( i ) ;
у [ i ] : 1 [1 ] ;  
z [ i  ]:  =z 1 (i  ];
end *;
a 1 : - x [ w ] ; 
b 1 : ~ y ( w j ; 
cl  : - z  [w] ;
• fo  r  * i : - 1 '  s t  e p ' 1' unt i  1 *n' d o '
' b e g i n ' x [ l ] : = ( x [ i ] ~ a 1 ) * a ;  
y [ l ] s “ ( y [ i ] - b i ) *b; 
z [ i ] : « ( z [ i ] - c 1 ) * c ;
' end ';
• f o r ' i : “ 1 ' s t e p '  1 'unt 11 '9*d o ' 
f [ i ] : = 0 ;
' fo r* к : «~m's t e p ' 1 ' u n t i l * m 'd o '
' f o r ' t : “-m' s t e p '  1 ' u n t i l  'm'do '
' f o r ' i : = - m ' s t e p ' 1 ' u n t i l ' m ' d o '
' f o r ' J : = 1 ' s t e p ' 1 ' u n t i l ' n ' d o '
'be g in '  ' i f 'к=Ю'and' t = 0 ' a n d ' 1 = 0 ' a n d ' J=w ' t he n '
'go  to* mk;
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r 2 : ~ ( x [ j ] + a * i )  Т2+(у ( J l + b * t ) T2+(z [ J ]+ c* k )  Г2; 
r 3 : - r 2 * s q r t ( r 2 ) ; 
í = r 3 * r 2 ;
f [ 1  ] : = f [ 1 ] + ( ( 3 * ( x [ j ] + a * i ) T 2 / r 2 - l ) * s [ j ] / r 3 ) ;  
f  [ 2 ] : ~ f  [2 I + ( 3 *s [ J ] * ( x [ j  1 +a* 1) *( y  [ j  ]+b*t  ) / r 5 ) ; 
f [ 3 l : » f [ 3 ] + ( 3 * a [ j ] * ( x [ j ] + a * i ) * ( z [ j ] + c * k ) / r 5 ) ;  
f [ 4 ] : « f [ 2 ] ;
f [ 5 ) : = f [ 5 l + ( ( 3 * ( y [ j ] + b * t ) T 2 / r 2 - l ) * s [ j ] / r 3 ) ;  
f [ 6 ] : = f [ 6 ] + ( 3 * a [ j ] * ( y [ j l + b * t ) * ( z [ j ] + c * k ) / r 5 ) ; 
f [ 7 b » f [ 3 l ;  
f  [ 8 ] : = f  [ 6 ] ;
f  [ 9 ] : ' - f  [ 9 ] + ( ( 3 * ( z [ j ] + c * k ) t 2 / r 2 - l ) * s [ j ] / r 3 ) ;  
mk: ' end *;
n e w l i n e ( Д ) ;
'  f o r 11: =* 1 * a t  ep* 1 '  u n t  1 1 '9  ' d o 1 
' b e g i n '  p r i n t ( f [ l ] , 0 * 8 ) ;  n e w l l n e ( l ) ;
' e n d ' ;  к :=0;
' f o r ' i :  = 1 ' s t e p '  1 ' u n t 1 1 ' 3 ' d o '
' b e g i n ' ' f o r ' J : =1 ' s t e p * 1 ' u n t i l ' 3 ' d o '  
t a l i , j ] : » f [ j + k ] ;  
k :=k+3;
' end *;
j a k o b i ( 3 , 1 & ~ 8 , t a , t b ) ; 
u [ 1 ]:  *ta [ 1 , 1 ] ;  
u [2 ]:  = t a [ 2 , 2 ] ;  
u [ 3 J  : =* t a [ 3 , 3 l ;
n e w l i n e ( 1) ;
w r i t e t e x t ( ' ( ' v e k t o r ' ) ' ) ;  n e w l i n e ( 1 ) ;
' f o r '  i := 1  ' s t e p '  1 ' u n t i l  *3*do'
' f o r '  J :  = 1 • s t e p »  1 ' u n t i l ' 3 'do  '
' b e g i n '  s p a c e ( 3 ) ;
p r i n t ( t b [ j , i  ] , 8 , 8 ) ;  
n e w l i n e ( l ) ;
' e n d ' ;
s p a c e ( 2 ) ;  w r i t e t e x t ( ' ( ' k o m i ' ) ' ) ;  
n e w l i n e ( 2 ) ;
' f o r ' i : = 1 ' s t e p ' 1 ' u n t i l ' 3 ' d o '
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'begin* p r in t (U [ i ]  , 0 , 8 ) ;
n e w I i n e ( 1);
'end ';
' f o r  * i :  = 1 ' s t e p*  1 ' u n t i l  '2  'do '
'beg in '  u 1 : = u [ i ] ;  
t : -1;
' f o r ' J : = i + 1 ' s t e p '  1 ' u n t i l ' 3 ' d o '
' i f '  a b s ( u [ j ] ) > a b s ( u l )  ' then'
'beg in '  u 1 : = u [ j ] ;  
t  :=J;
' end';
• i f *  t / / i  ' the n '
' be g i n '  u [ t ] : = u [ i ] ;
u [ i ] : ^u1;
' end';
' end';
a a : = * ( u [ 3 J - u [ 2 ] ) / u [ l 1; 
b a : :^ u [ 1 ];
ca : -v*ba*(  1+aaT2/3) Г0.5;
n e w l i n e ( 1);
a p a c e ( i o ) ;
w r i t e t e x t ( '  ( ' k v a d r u p o l n o e ^ r a s z s e p l e n i e ' )  ’ ) ;
spa ce(  'О);
w r i t e t e X t ( ' ( ' g r a d i e n t ' ) ' ) ;  
s p a c e ( i o ) ;
w r i t e t e x t  ( '  ( ' p a r a m e t r ^ a s z s lm e t r i i ' ) ' )  ; 
s p a c e ( i o ) ;
w r i t e t e x t ( ' ( ' pa ra m etr ^r es e tk i ' ) ' ) ;  
n e w l i n e ( 1 ) ;
s p a c e ( 2 0 ) ;p r i n t ( c a , 1 , 3 ) ;  
sp a ce ( l O) ;  p r i n t ( b a , 3 , 5 ) ;  
sp a c e ( 8 ) ;  p r i n t ( a a , 3 , 5 ) ;  
з р а с е ( ю ) ;  p r in t ( a , 2 , 5 ) ;
s p a c e ( 3 ) ;  p r i n t ( b , 2 , 5 ) ;  
sp a c e ( 3 ) ;  p f l n t ( c , 2 , 5 ) ;
k a : =11;  
k b : =12;  
kc := 13 ;  
n e w L i n e ( 2 ) ;
• e n d •;
• e n d ' ;
w r i t e t e x t ( ' ( 'konec * ) ' ) ;
•end *;
• e n d ' ;
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Annexes V I I .
m a st er  j g g r
INTEGER D,K,T 
REAL L1,L2,L3
DIMENSION S(100) .X( 100) ,Y( lOO) ,Z( 100) ,X l(  100) ,Y1 ( 100) ,Zi  ( 100) , 
C K (9) ,u (  J ) ,T A ( 3 ,3 ) ,T B ( 3 ,3 )
READ ( H,5)N,NA,NW,A,B,C,V,L1,L2,L3,M
5 FORMAT( 1 0 , 1 0 , 1 0 , FO. 0 , FO. О, FO. О, FO. 0 , FO.0  PO. 0 , FO- 0 , 1 0 , )
READ ( 1 1 , 6 ) ( X I ( I ) , Y 1 ( I ) , Z 1 ( I ) , S ( I ) ,1 = 1 ,N)
6 TORMÁT( FO. 0 , FO. 0 , FO.0 , FO. 0 , )
w r i t e ( 1 o , 7 )
7 ' FORMAT(1HO,)
KA-0
KB=0
KC=0
DO 10 D-1,NA,1 
A=A+KA
B=B+KB
OC+KC
DO 11 1 = 1 .N,1 
X ( l ) = X 1 ( l )
Y ( l}= Y 1 ( l j
11 Z ( I ) = Z 1 ( l )
A1 =X í NW)
D1=Y(NV/}
C1=Z(NW)
DG12 1 = 1, N,1 
X (I )= (X (I ) -A 1)*A
y ( i ) = { y ( i )-.b i ) * b
12 Z ( I ) = ( z ( l ) ~ C 1 ) * C  
DO 13 1=1 ,9 ,1
13 F ( I )=0 
L=2*M+1
1X3 14 K=1,L 
1X3 14 T= 1, L 
DO 14 1 = 1 ,L 
DO 14 J  = 1, N 
IFÍK-M-1) 1 8 ,1 5 ,1 8
15 IFIT-M-1) 1 8 ,1 6 ,1 8
16 IF Í I -M -1 )  18 ,1 7 ,1 8
17 IF(J-NW) 18 ,100 ,18
18 R2=(X(J)+A»(I-M-1) )**2+(Y (j )+B*(T-M -1) ) **2+(Z(j)+C*(K-M-1) ) **2
R 3=R2 * SQRT( R2)
R5=R2*H3
F ( 1 ) = F ( 1 ) + ( ( 3 * ( X ( j ) + A * ( I - M - 1 ) ) * * 2 / R 2 - 1 ) * S ( J ) / R 3 )
F l 2 ) = F ( 2 ) + ( 3 * S l J ) * ( x ( J ) + A * ( I - M - 1 ) ) * ( Y(J)+B*(T-M-1) )/R5) 
F { 3 ) - f ( 3 )  + ( 3 # S ( J . ) * ( X ( J ) + A * ( I - M - 1 ) ) * ( Z ( j ) + C * ( K - M - 1 ) ) / R 5 )  
F i4 )= F (2 )
f ( 5 ) = F ( 5 )  + ( ( 3 * ( Y (  J ) + B * ( T - M - 1 ) ) * * 2 / R 2 - 1 ) * S ( J ) / R 3 )  
F (6 )= f ( 6 )+ (3 * S (J )* (Y (J j+ B * (T -M - l ) )* (Z ( J )+ C * (K -M -1 ) ) /R 5 )  
f ( 7 ) = f ( 3 )
FI 8 ) =F(6)
F ( 9 ) = F ( q ) + ( ( 3 * ( Z ( J ) + C * ( K - M - 1 ) ) * * 2 /R 2 - l ) * S ( J ) /R 3 )
1CX) MLL= 0
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14 CONTINUE
WHITE(1 0 , 5 0 ) NW
50  FORMAT(//,30X,12HPR0GRAM J öG R , / / ,  15X,15HNULEVAJA TOCSKA,2X,3HNW=,
QIJi / / /  ) .
WRITE( H ) , 5 1 ) ( F ( I ) , I =  , 9 )
51 FORMAT(4X,E15*8)
K=0
IX) 49 I -  1 , 3 , 1  
IX) 20  J = 1 . 3 , 1
2 0  t a ( i , j ) » f ( j +k )
K=K+3
19 CONTINUE
c a l l  .TAKOBG( 3 , 0 . 0 0 0 0 0 0 0 1 , TA,t b )
U( ) = T A ( 1 ,1 )
U (2 ) ^ 1'A(2 , 2 )
U ( 3 ) " T A ( 3 , 3 )
WRITE( 0 , 7 0 )
70  ‘ FORMAT( / , 3X, 6HVEKT0R,/ ,  )
IX) 71 J - 1 , 3
W R I T E ( 1 0 , 7 2 ) ( T B ( T , J ) , 1 = 1 , 3 )
7 2  F O R M A T ( / ,3 X ,F 1 5 - 8 , )
71 CONTINUE 
WRITE( -10,73)
73  FORM AT(/ ,3X -5H K O RN I, / , )
WRITE(1 0 , 5 3 ) ( U ( I ) , 1 =  , 3 )
33  F O R M A T ( / ,3 X ,F 1 5 .8 , )
IX) 25  1 = 1, 2 , 1 
U 1= U (l )
T*«I
IX) 27  J---I+1 . 3 , 1
i f  ( a b s (u ( j ) - a b s ( u i ) ) )  2 7 , 2 7 ,2 8
2 8  U1=U(J)
T = J
2 7  .. CONTINUE
I F ( T - I ) 2 9 , 1 2 0 , 2 9
29  U ( T ) = U ( I )
U (I )=U 1
2 0  CONTINUE
23  CONTINUE
A A = ( U ( 3 ) - U ( 2 ) ) / U ( 1 )
BA=U(1)
CA=V*BA*(4+AA**2/3)* * 0 . 5  
V/RITE( Ю , 5 5 )  CA,BA,AA,A,B,C
55 FORMAT( / , 1 OX,25HKVADRUPOLNOE RASZSEPLENIE,5X,8HGRADIENT,10X,
C20HPARAMI5TER ASZIMETRII,10X,17HPARAMETER R E S E T K I , / , 2 0 X , F 8 . 5 ,  ЮХ, 
C F 8 . 5 , 8 X , F 8 . 5 , 1 0 X , F 7 . 5 , 3 X , F 7 . 5 , 3 X , F 7 . 5 , / , )
KA=L1
KB=L2
KC=L3
10 CONTINUE
w r i t e ( 4o , 5 6 )
56  FORMAT( / / ,  Í OX, 5HK0NEC, / ,  )
STOP
END
59
SUBROUTINE JAKO!*} (N ,H H 0,A ,S)
REAL MU
DIM 1SNSION S(N , N ) ,  Л ( N, N )
IX) 1C) 1 - 1 ,  N 
IX) 1() J = 1 , I  
IF (I - .T ) 2 ,1 H ,1  2
1*1 S ( l , .T )  =
GtJ TO 1 1 
12 S (I,J)-G
S ( J , l ) =  >
11 CONTINUE
10 CONTINUE
XINT1=0 
IX) 15 I  = 2 ,  N 
11=1 -1
IX) 15 J “ 1 ,IT
XINT1 =XINT 1 +2*Л( I , J ) **2
15 CONTINUE
XNÜRM1 -SQRT ( XINT 1)
THR-SQRT(XINTI)
XN0RM2= ( Ино/ N ) »XN0RM1 
TNI)” ')
16 THH-THR/N
17 IX) 8  I Q - 2 , N 
ITP-IQ -1
IX) 18 I P = 1 , I I P
IF (A D S(a ( I P ,I Q )) -T H R )  1 5 , 1 0 ,2 0
2 0  IMI)=1 
V1=a ( I P , I P )
V2=A( IP ,IQ )
V3=A(IQ.IQ)
MU=0.5*(V1-V3)
IF (MU-o) 2 2 , 2 1 , 2 2
21 0MEGA~-1 
GO TO 23
2 2  )MEGA“ -SIGN(MU) *V2/SQRT(V2» *2+MU**2)
2 3  SINT=0MEGa/SQHT(2»( +SQRT( -OMEGA**2 ) ) )  
COST=SQRT(1-SINT*»2)
DO 2U I= 1 ,N
XINT1- A ( I , I P ) *COST-Л ( I , IQ)»SINT
a ( i , i q ) = a ( i , i p ) » s i n t +a ( i , i q )»COST
л( I , I P ) “ XINT1
XINT1= S ( I , I P ) »COST-S( I , IQ)*SINT  
Sí I ,I Q )= S ( I ,I P )* S I N T + S (I ,I Q )» C O S T  
S( I ,  I  p ) -XTNT1 
2Í* CONTINUE
IX) 25  1 = 1,N  
A (I P ,I )= A  I , i p )
a ( i q , i ) - a ( i , i q )
2 5  CONTINUE
Л ( IP , I P ) = V1 * COST* *2+ V3»SINT * * 2 - 2 *  V2 »SINT*COST 
A( IQ,IQ)=V1*SINT**2+V3*C0ST** 2 + 2 *V2*SINT»COST 
A ( IP ,  IQ) = ( V1 -  V3) * SINT »COST+V2 * ( COST * *2 -  SI NT * *2) 
A (I Q ,I P )= A (I P ,I Q )
’ 9  CONTINUE
18 CONTINUE
IF ( INI)—1) 2 7 , 2 6 , 2 7
2 6  IND-0
GO TO 7
-27 IF (THH-XN0RM2) 2 9 , 2 9 , 2 8
28  GO TO 16
29 kkk=o
RETURN
END
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